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Revision History

This technical reference manual has been modified to incorporate a new member of the True Color
VGA family, the CL-GD5425. All pertinent information has been added, including:

» Functional descriptions

* Pin diagrams and descriptions
» Bus interface specifications

» Timing considerations

» Register information

» BIOS functions

» Schematics

* TV output support

* Glossary definitions

FOR THE LATEST SCHEMATICS,
PLEASE CONTACT CIRRUS LOGIC.

This document was originally published in May, 1995.
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1.2

1.3

1.4

INTRODUCTION

Scope of Document

This manual provides technical information for the CL-GD542X family of VGA controllers.
This manual includes a description of each major component integrated into the chip, a data
book, detailed information on each register, BIOS, and a number of application notes to as-
sist hardware and software designers.

Applicable Chip Types
This manual documents chip Revision A or later.

The CL-GD542X ID Register — CR27, will read back a value indicating the chip-family mem-
ber. Refer to Chapter 9, “Extension Register Descriptions”, for further information.

Intended Audience

This manual is intended for the technically sophisticated audience. It is assumed that the
reader is familiar with assembly language programming on the 8088/8086, 80286/80386/
80486, 80386SX, or similar microprocessor, and understands the fundamentals of video dis-
play technology.

Management personnel should find Chapter 2, “Overview”, useful.

Hardware engineers should find Chapter 3, “Data Book”, useful. It contains the pinouts and
detailed pin descriptions, tables indicating how the various interfaces must be connected,
and detailed DC and AC characteristics. In addition, the application notes in Appendix B
should be helpful for board designs.

Software engineers should find Chapters 4-9 (register descriptions) useful for BIOS- and
driver-level codes. All registers are described to the bit level. Also, the application notes in
Appendices B-D should be helpful, especially those discussing the palette DAC and clock
options, and programming methods.

Conventions

This section discusses conventions used throughout this document. Conventions include
acronyms, abbreviations, and nomenclature usage. For a quick reference of acronyms see
Table 1-1.

Bits

Bits are always listed in descending order, most-significant (highest number) to least-signif-
icant (lowest number). When discussing a bit field within a register or memory, the bit num-
ber of the most-significant bit is given on the left, followed by a colon (;) and then the bit num-
ber of the least-significant bit (for example, bits 7:0). A field consists of a set of adjoining bits
with common functionality. Registers are made up of fields of one or more bits.
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Acronyms

INTRODUCTION

Table 1-1 lists acronyms common to this manual. For further definitions, refer to Appendix
F1, “Glossary and Bibliography”.

Table 1-1. Acronym Quick Reference

Copyright 1995 — Cirrus Logic Inc.

Acronym | Definition Acronym Definition
A.N. alpha numeric A.PA. all points addressable
BIOS basic input output system BitBLT bit boundary block transfer
BPP bits per pixel CAS column address strobe
CGA color graphics adapter CLUT color lookup table
complementary metal-
CMOS oxide semiconductor DI
. electrically erasable/
dynamic random access
DRAM memory EEPROM programmable read-only
enhanced graphics extended industry standard
EGA adapter EISA architecture
electrically programmable i s
EPROM read-only memory FIFO first-in/first-out
. L horizontal/vertical
High-Z high-impedance HSYNC/VSYNC synchronization
I/O input/output LSB least-significant bit
LUT lookup table MD memory data
MSB most-significant bit N/A not available
RAM random access memory RAS row address strobe
RGB red, green, blue R/W
SR logic set/reset logic TTL transistor-transistor logic
0 . .
VAEC VESAU Advanced Feature VESAD Video Electronics Standards
Connector Association
VGA video graphics array VLUT video lookup table
VRAM video (dynamic) random
access memory
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Abbreviations

The unit ‘Kbyte' designates 1024 bytes. The unit ‘Mbyte’ designates 1,048,576 bytes (1024
squared). The unit ‘Ghyte’ designates 1000 megabytes. The unit ‘Hz’ designates hertz. The
unit ‘kHz’ designates 1000 hertz. The unit ‘MHz’ designates 1000 kilohertz. The unit ‘ns’ des-
ignates nanosecond. The unit ‘us’ designates microsecond (1000 nanoseconds). The unit
‘ms’ designates millisecond (1000 microseconds). The unit ‘mA’ designates milliampere.
The use of ‘tbd’ in tables indicates values that are ‘to be determined’.

Numeric Naming

Hexadecimal numbers are represented with all letters in uppercase and a lowercase ‘h’ is
appended to them (for example, ‘14h’, ‘3A7h’, and ‘CO00h’ are hexadecimal numbers).
Numbers not indicated by an ‘h’ are decimal. Octal numbers are not used in this manual.

Reserved

When a system memory or I/O address is referred to as ‘Reserved’, it means that writing to
that address is not permitted. Reserved bits must be written as ‘0’ to maintain upward com-
patibility.

Read-Only

The word ‘Read-only’ is used to indicate registers and bits that can be read, but not written
to.
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2. OVERVIEW

The True Color VGA family of VGA controllers supports high-resolution graphics and text
display modes for a variety of color CRT monitors using industry-standard 15-pin analog vid-
eo and VESA interfaces.

The CL-GD542X chips are hardware- and software-compatible with the IBME VGA, and pro-
vide improved performance and additional functionality.

Highly integrated, these chips include a programmable dual-frequency synthesizer and pal-
ette DAC. A complete 512 Kbyte motherboard solution can be implemented with a single
DRAM.

The CL-GD542X implements all control and data registers in the standard VGA controller. It
also implements all data manipulation capabilities and data paths in the standard VGA
adapter.

2.1 Features
Table 2-1 is a list of the major features of the CL-GD542X family of VGA controllers.

Table 2-1. CL-GD542X Family Features

Features 'GD5420|'GD5422|'GD5424|'GD5425|'GD5426 |'GD5428| 'GD5429
Performance
VESAU VL-Bus and Direct O 0 O O O
'386 or 486 CPU Interface
BitBLT engine g Enhanced| Memory-

mapped I/O

Zero-wait-state operation ad O ad ad O ad ad
Maximum display memory 1 Mbyte | 1 Mbyte | 1 Mbyte | 1 Mbyte | 2 Mbytes | 2 Mbytes | 2 Mbytes
Display memory interface 16-hit 32-bit 32-bit 32-bit 32-bit 32-bit 32-bit
Hardware cursor (in pixels) up to up to up to up to up to up to up to

32x32 | 64%x64 | 64x64 | 64x64 | 64x64 | 64 x64 64 x 64

Maximum dot clock
frequency

Maximum MCLK frequency | 50 MHz | 50 MHz | 50 MHz | 60 MHz | 50 MHz | 50 MHz 60 MHz

75MHz | 80MHz | 80 MHz | 80 MHz | 80 MHz | 80 MHz 86 MHz

High Integration

Integrated palette DAC and

dual-frequency synthesizer . . . . D . .

Motherboard VGA solution

with only two ICs . . . . . . .
ilt-i 0

Built-in port for VESA 0 0 0 0 0 0 0

feature connector

Built-in ISA

(up to 12.5 MHz), ad O O O O ad O

MicroChannel bus support

Built-in TV output support O
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Table 2-1. CL-GD542X Family Features (cont.)

Features 'GD5420|'GD5422|'GD5424|'GD5425|'GD5426 |'GD5428| 'GD5429
Flexibility
Support for x4-, x8-, and
x16-bit-wide memory ad O ad ad O ad ad
DRAMs
8- or 16-l_)|t host bus 1/0 and O | 0 0 1 O 0
memory interface
8-bit gray and 3-3-2 RGB
DAC modes . . .
CCIR 601 YCrCb mode O
General
100% hardware- and BIOS-
compatible with IBMU VGA a O 0 a O a a
display standards
‘Green PC’ compliant
132-column text mode ad O ad ad O
support
46E8 or 3C3 sleep O ad O O ad ad
mechanism
Y|deo ove,rlay and 0 0 0 0 0 0
color key’ support
VESAL VAFCO base

. O O

support (for video overlay)
Clocking support for 1 0 0
CL-PX2080 MediaDACO
Low-power CMOS,
160-pin package . . . . . . .
Screen resolution and colors
640 x 480 up to 256 [up to 16M | up to 16M |up to 16M |up to 16M |up to 16M| up to 16M
800 x 600 up to 256 | up to 64K | up to 64K | up to 64K | up to 64K | up to 64K | up to 64K
1024 x 768 (interlaced) up to 256 | up to 256 | up to 256 | up to 256 | up to 256 | up to 64K | up to 64K
1024 x 768 (non-interlaced) | up to 256 | up to 256 | up to 256 | up to 256 | up to 256 | up to 256 | up to 256
1280 x 1024 (interlaced) upto16 | upto16 | upto 16 |upto 256 | up to 256 | up to 256
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Table 2-2. Summary of Screen Resolutions

Resolutions CL-GD5420 | CL-GD5422 gt:ggggg gt-ggggg
CL-GD5429
640 x 480 x 256 color, 8 bits/pixel ad O O ad
640 x 480 x 32K color, 16 bits/pixel O 0 O
640 x 480 x 64K color, 16 bits/pixel O O a
640 x 480 x 16M color, 24 bits/pixel 0 O O
800 x 600 x 16 color, 4 bit planes a O O
800 x 600 x 256 color, 8 bits/pixel a O a
800 x 600 x 32K color, 16 bits/pixel O O O
800 x 600 x 64K color, 16 bits/pixel O O O
1_024 x 768 x 16 coI(_)r, 4 bit planes 0 0 0 0
(interlaced and non-interlaced)
1.024 x 768 x 256 cqlor, 8 bits/pixel 0 . 0 0
(interlaced and non-interlaced)
1024 x 768 x 32K color, 16 bits/pixel (interlaced) ad
1024 x 768 x 64K color, 16 bits/pixel (interlaced) ad
1280 x 1024 x 16 color, 4 bit planes (interlaced) O g O
1280 x 1024 x 256 color, 8 bits/pixel (interlaced) ad

2.2 Chip Architecture

The CL-GD542X includes all the hardware required to implement CPU updates to display
memory, Screen Refresh, and DRAM Refresh. It interfaces directly with the host system or
the local bus, the display memory, and the monitor. The host interface can be either 8-or-
16-bits-wide for memory and I/O. The CL-GD542X requires no glue logic for address decod-
ing and control logic handshaking.

The four major activities supported by the CL-GD542X are:

» Host access to CL-GD542X registers

» Host access to display memory

» Display access to display memory (screen refresh)
» Display Memory Refresh
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221

222

2.2.3

224

Host Access to CL-GD542X Registers

The host (typically an ISA, MicroChannel®, or '386 and '486/VESA VL local bus) can access
CL-GD542X registers by setting up 16- or 24-bit addresses and generating I/O control sig-
nals to read or write 8- or 16-bit data. Other activities, such as DRAM refresh, screen refresh,
and delayed CPU writes to display memory can take place concurrently with accesses to
registers.

The registers are listed in Chapter 3, “Data Book”, and described in Chapters 4-9. These
registers include all the standard VGA registers, and are host-readable to allow BIOS and
driver software to determine the state of the graphics adapter.

Host Access to Display Memory

The CL-GD542X handles the host access to display memory. The host effects memory ac-
cesses in the VGA address range to transfer data to or from one or more of the four display
memory Planes. All of the required video handshake interface signals are internally gener-
ated by the CL-GD542X with no requirement for external logic decoding.

The CL-GD542X takes 24-bit addresses from the host, and transforms them according to
the selected addressing mode and address space mappings, finally issuing multiplexed ad-
dresses to the planes via the MA[9:0] Address bus. RAS*, CAS*, OE*, and WE[3:0]* provide
timing and control to the display memories. When interfacing to DRAMSs that have dual-
CAS* signals, the CAS* pin becomes WE*, and the WE[3:0]* pins become CASJ[3:0]*.

A Write Buffer is logically located at the CPU interface to isolate the CPU from the display
memory. The CPU Write accesses to display memory take place immediately until the Write
Buffer is full. The address and data are written into the cache, and the actual write into dis-
play memory occurs later. If the Write Buffer is full, wait states will be inserted until there is
space.

Display Access to Display Memory

The CL-GD542X also contains an intelligent Address Sequencer that allocates display
memory cycles not only to the host, but also to the display CRT Controller for screen refresh.

A FIFO logically between the Memory Sequencer and the Attribute Controller decouples the
memory speed from the display speed, allowing the execution of Fast-page-mode accesses
for screen refresh. This minimizes the memory bandwidth required.

The display is blanked during horizontal and vertical retrace intervals, freeing additional
memory bandwidth for host access. The CL-GD542X improves on the performance of the
IBM VGA implementation, especially for lower-resolution displays.

Display Memory Refresh

The CL-GD542X handles the refresh of the dynamic RAMs used for the display memory.
During each horizontal blanking period, a selectable number of CAS*-before-RAS* refresh
cycles are executed.
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2.3

231

Major Components

The CL-GD542X incorporates all the major subsections of the IBM VGA/EGA into a single
integrated circuit:

« Sequencer

» CRT Controller

e Graphics Controller

» Attribute Controller

e Programmable Dual-Frequency Synthesizer
» Palette DAC

In describing the CL-GD542X family of VGA controllers, it is useful to retain the identity of
the original major subsections found in the IBM EGA and VGA controllers. The architectures
of these major subsections are described on the following pages.

Sequencer

The Sequencer controls access to the display memory. It ensures that the necessary screen
refresh and dynamic memory refresh cycles are executed, and that the remaining memory
cycles are made available for CPU and BLT read/write operations.

The Sequencer consists of a memory arbitrator and a memory controller. It accepts requests
from memory address counters associated with the CRTC, and address transformation logic
associated with the Graphics Controller. It uses the Video FIFO to deliver data to the At-
tribute Controller, and the Write Buffer to transfer data to the Graphics Controller.

The Memory Sequencer registers are described in Chapter 5.

The memory controller is driven by a memory clock (MCLK) optimized for the speed of the
DRAM used, independent of the video clock. It generates the signals and addresses neces-
sary for accessing the display memory. The memory arbitrator is also driven by the memory
clock. It implements a policy that selects requests from either the CPU or the CRT on a dy-
namic priority.
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2.3.2 CRT Controller

The CRT Controller generates the horizontal and vertical synchronization signals for the
CRT display. It includes various registers that allow flexible configuration options. These op-
tions include user-configurable horizontal and vertical timing and polarity, cursor position,
horizontal scanlines, and other display-related characteristics. The CRT Controller registers
are described in Chapter 6.

The CRT Controller is equivalent to the IBM CRTC as implemented in the IBM VGA hard-
ware. The CRT Controller also provides split screen capability and smooth scrolling. A sim-
plified block diagram of the CRT Controller is shown in Figure 2-1.

,| REGISTER
DO-D7 CONTROL
CHARACTER HORIZONTAL
COUNTER COMPARATORS
| | 3 HSYNC
INE VERTICAL REGISTERS
— 3 - P
CLOCK » COUNTER COMPARATORS
' L VSYNC
RASTER CURSOR
» COUNTER > COMPARATORS [

Figure 2-1. CRT Controller Functional Block Diagram

Copyright 1995 — Cirrus Logic Inc. 2-7 September 1997



OVERVIEW True Color Family Technical Reference Manual

2.3.3 Graphics Controller

The Graphics Controller operates in either text or graphics modes and has the following
major functions:

* Provides the host CPU a read/write access path to display memory

e Controls all four memory planes

* Allows data to be manipulated prior to being written to display RAM

e Formats data for use in various backward compatibility modes

» Provides color comparators for use in color painting modes

* Reads/writes 32-bit words through the 32-bit display memory interface
 Combines display RAM data and attribute data for output to the Pixel bus

The Graphics Controller directs data from the display memory to the Attribute Controller and
to the CPU. Figure 2-2 and Figure 2-3 illustrate typical write and read operations, respec-
tively.

For a write operation, the data from the CPU bus are combined with the data from the Set/
Reset Logic, depending on the Write mode. In addition, the data may be combined with the
contents of the read latches, and some bits or planes may be masked (prevented from being
changed). See the descriptions of the Graphics Controller registers in Chapter 7 for more

information.
FROM CPU DATA BUS
+ DATA
DATA ROTATOR <« ROTATE
+ REGISTER
ENABLE
N DATA SET/RESET
- R T —
SELECT D0-D3
WRITE MODE BIT
[ FUNCTION
AND DATA SELECTOR < MASK
MODE
PROCESSOR
LATCH

¢—

TOPLANESO, 1,2,3

Figure 2-2. Graphics Controller Write Operation
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OVERVIEW

The Graphics Controller is also involved when the CPU is reading data from display memo-
ry. Depending on the Read mode, the data returned may be the actual contents of the dis-
play memory, or it may reflect the outcome of comparisons with the color value in one of the
Graphics Controller registers. See the descriptions of the Graphics Controller registers in

Chapter 7 for more information.

FROM PLANES 0, 1, 2, 3

Y

PROCESSOR
LATCH
READ MAP
REGISTER AND |- Cosl\élfé(?TAglgR
READ MODE

COLOR COMPARE
BITS 0-3

Y

J
“L

> PLANE
SELECT

COLOR DON'T CARE
BITS 0-3

'

TO CPU DATA BUS

Figure 2-3. Graphics Controller Read Operation
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2.3.4 Attribute Controller

The Attribute Controller controls blinking and underline operations in alphanumeric modes.
It also provides the horizontal pixel panning capability in both alphanumeric and graphics
modes. The Attribute Controller registers are described in Chapter 8. Figure 2-4 depicts the
functional block diagram of the Attribute Controller.

OVERSCAN
REGISTER
—>
PALETTE
OUTPUT [ pacC
LATCHES PI7:0
ADDRESS REGISTER AND [7:0]
D0-5 — P AND DECODING LOGIC
TIMING LOGIC
| y»] MODE CONTROL REGISTER
—
CONDITION CODE COLOR
CC0-7 — SHIFT REGISTER PALETTE
AND LOGIC REGISTERS
CURSOR BLINK
COUNTER
HORIZONTAL PIXEL COLOR PLANE
PANNING REGISTER ENABLE REGISTER
ATTRIBUTE
ATRO-7 LATCHES 3
AND HORIZONTAL PIXEL
LOGIC PANNING O RESS
SHIFT REGISTER [ % AND DECODING
AND LOGIC

Figure 2-4. Attribute Controller Functional Block Diagram
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2.35 Dual-Frequency Synthesizer

The CL-GD542X includes an integrated dual-frequency synthesizer that can be pro-
grammed to generate the VCLK for many standard screen formats, and the MCLK used by
the Sequencer. The synthesizer requires a single-reference frequency of 14.31818 MHz that
can be supplied by the on-chip oscillator, or can be injected from an external source.

VCLK PROGI\?/éI\L/IIEIIABLE c
- —» VCLK
SELECTION OSCILLATOR
0SC ——» XTAL
OSCILLATOR
XTL ~-€—
MCLK PROGIEAACI\ﬂI}\(/IABLE c
- —» MCLK
SELECTION OSCILLATOR

Figure 2-5. Programmable Dual-Frequency Synthesizer Functional Diagram
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2.3.6 Palette DAC

The CL-GD542X includes an integrated palette DAC that can interface directly to the monitor
connector via appropriate RFI filters. The palette DAC can be programmed for 256 simultaneous
colors from a palette of 256K, Direct-color mode, or YCrCb (CL-GD5425 only). In Direct-color
mode, two or three contiguous bytes from the display memory are combined for each pixel. This
allows 32K, 64K, or 16.8 million simultaneous colors on the screen. The CL-GD5425 can be pro-
grammed for YCrCb (16 bpp) or AccuPak[l, a proprietary compression method. In addition, the
CL-GD5425 can be configured for a 7.5 IRE offset black level. Figure 2-6 is a functional block
diagram of the palette DAC.

The pixel bus, DCLK, and BLANK* can be driven into the CL-GD542X. This allows it to operate
in the VESA-standard VGA passthrough connector mode. Fifteen- or sixteen-bit data can also
be inserted from an external source through the P[7:0] pins. In addition to the VESA standard,
the EVIDEO input is capable of switching at the pixel rate.

& MUX DAC
o & 8
— | 5 [—] ¥ »
o - > R
w L —
14 o | |
o
8 pr—
-
' G
_>
8 pr—
. >
P[7:0] LOOKUP > 5
N . TABLE »|
256 x 18 ||
VCLK

Figure 2-6. Palette DAC
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2.4

2.5

Hardware/Software Compatibility

The CL-GD542X includes all registers and data paths required for VGA controllers. En-
hancements include 1024 x 768, 8-bit Pixel mode, an internal color palette, eight simulta-
neously loadable text fonts, Write mode 3, and readable registers.

Extended-resolution display modes are made possible by the high video clock rates and
high display memory bandwidth.

Extended text and graphics resolutions beyond the 640 x 350 IBM EGA and 640 x 480 VGA
standards are also supported by the Cirrus Logic BIOS on both fixed-frequency, PS/2™-
compatible monitors as well as multiple-frequency monitors such as the NECH MultiSync™.
These include 132-column and 60-line text modes, 640 x 480 and 800 x 600 32,768 and
65,536-color graphics modes, 800 x 600 16-color VESA mode, and 640 x 480 16.8-million
True Color mode. The extended-resolution capabilities of the CL-GD542X are listed in the
Chapter 3, “Data Book”, along with the listing of the standard screen formats.

Video Subsystem Architecture

The following diagram shows the main components needed to implement a functional VGA
subsystem using the CL-GD542X. The interfaces that must be implemented are the host
CPU interface, the BIOS interface (for adapter board implementation only), the display
memory interface, and the CRT interface.

DISPLAY
MEMORY

SYSTEMBUS <€— 3| CL-GD542X 3 MONITOR

Figure 2-7. Video Subsystem Architecture
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— Pixel clock programmable up to 86 MHz
— Memory clock programmable up to 60 MHz

Integrated 24-bit true-color RAMDAC

m ‘Green PC’ power-saving features

— VESAF DPMS (Display Power Management Signal)
— Internal DAC with programmable power-down mode
— Static monitor sync signals

Support for multimedia applications

— 3-3-2 RGB DAC modes for video playback
(CL-GD5425/'28/'29)

— Support of VAFC (VESAF advanced feature connector)
baseline for video overlay (CL-GD5425/'29)

100% hardware- and BIOS-compatible with IBME
VGA display standards

—— CL-GD542X
e —
——
—r

CIRRUS LOGIC® Preliminary Data Book

~——
FEATURES True Color VGA Family
m 32-bit GUI acceleration (CL-GD5426/'28/'29) C1-GD5429 — Memory-Mapped lio VoA GUI

— BItBLT (Bit block transfer) engine CL-GD5428 — Enhanced VGA GUI Accelerator

— Color expansion for 8- or 16-bit pixels with Local Bus
m 16/32-bit CPU interface CL-GD5426 — VGA GUI Accelerator with

— VESAPVL-BusO (up to 50 MHz) Local Bus

— ISA bus (12.5 MHz) CL-GD5425 - True Color VGA Controller with

— Zero-wait-state write cycles TV Output
m Resolutions up to 1280 x 1024 CL-GD5424 - True Color VGA with Local Bus

— 1024 x 768 x 256 colors, non-interlaced CL-GD5422 - True Color VGA

— 800 x 600 x 64K colors, non-interlaced CL-GD5420 - SuperVGA

— 640 x 480 x 16M colors, non-interlaced

— 1280 x 1024 x 256 colors, interlaced

— 1024 x 768 x 64K colors, interlaced OVERVIEW
m Programmable dual-clock synthesizer

The CL-GD542X family of true-color VGA controllers
offers an extensive range of industry-leading features and
functionality for IBMU-compatible personal computers.

Ideally suited to highly integrated systems, CL-GD542X
devices require no external support other than display
memory and a crystal frequency reference. CL-GD542X
devices are 100% hardware- and BIOS-compatible with
IBM VGA standards, and connect directly to an ISA or
local bus, allowing a minimum adapter solution.

Operating at dot clock rates programmable up to 86 MHz,
CL-GD542X devices support standard and VESAU high-
resolution and extended modes. The internal palette DAC
may be configured as an industry-standard RAMDAC to
provide a palette of 256K colors, or true-color displays of
32K, 64K, and 16.8 million colors.

(cont.) (cont.)
. - — —
System Block Diagram C 0 Optional
DRAM I Add-On Memory
1

4 —

om
lj< UL
22 E o
m o E E
) E =
28 [+ : E T T T T T "
3 T = CL-G_D542X E | s |

o = 160-Pin PQFP = Anal
>0 E E | nalog |___, |
E3 <> = E____ . |Encoder
oo E E | |
N O E E
Qo =l E | NTSC or PAL TV Monitor |
S < L

) Lo - - —

9 T CL-GD5425 Optional TV Configuration

Clock Input

Version 7.0
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The internal dual-frequency synthesizer requires a single
crystal or reference for all supported screen resolutions,
as well as all standard display memory speeds and for-
mats. The CL-GD542X devices implement all control and
data registers according to current VGA standards. They
also implement all standard data path and manipulation
functions, providing complete hardware compatibility.

In addition, the CL-GD542X devices support extended
registers and capabilities to provide functional and perfor-
mance enhancements beyond standard VGA.

CL-GD542X devices support ISA or 32-bit VESA VL-Bus
interfaces in all operations, including I/O and memory

Software Support

operations in planar modes. The write cycles to memory
are optimized with zero-wait-state capability. Sixteen-
[thirty-two-bit local bus interfacing can be achieved for
'386SX, '386DX, and '486 microprocessors as well as
VESA VL-Bus. The CL-GD5426/'28/'29 also offer BitBLT
operation for GUI acceleration.

The CL-GD542X family also includes many power-saving
(‘Green PC’) features, including an internal DAC with pro-
grammable power-down mode, sync signals that can be
individually disabled (static levels), and internal clocks
programmable to low frequencies for nearly static opera-
tion.

Software Drivers

Resolution Supporteda

No. of Colors

640 x 480, 800 x 600, 1024 x 768 256
Microsoftd WindowsH 95 640 x 480, 800 x 600 32,768
CL-GD5425 640 x 480 16.8 million
640 x 480, 800 x 600, 102 4 x 768 256
MicrosoftZ IntelC DCI 640 x 480, 800 x 600 65,536
CL-GD5425 640 x 480 16.8 million
640 x 480, 800 x 600, 1024 x 768, 1280 x 1024 16
Microsoft? WindowsZ v3.X 640 x 480, 800 x 600,1024 x 768, 1280 x 1024 256
CL-GD5425 640 x 480, 800 x 600, 1024 x 768 65,536
640 x 480 16.8 million
MicrosoftC Windows NTO v1.X 640 x 480, 800 x 600, 1024 x 768 16 and 256
800 x 600, 1024, x 768 16 b
0S/20v2.0, v2.1
640 x 480, 800 x 600, 1024, x 768 256 b
AUtOCADT V11, vi2, 640 x 480, 800 x 600, 1024 x 768, 1280 x 1024 16
Autoshadel v2.0, 640 x 480, 800 x 600,1024 x 768, 1280 x 1024 256
W|/3 Reng_eréna? X 640 x 480, 800 x 600, 1024 x 768 65,536
3D StudioU v1v 640 x 480 16.8 million
GEMO v3.X 800 x 600, 1024 x 768 16
Ventura Publisher® v2, v3 800 x 600, 1024 x 768 16
132 x 25, 132 x 43 (text) 16
Lotust 1-2-30 v2.X,
800 x 600 16
132 x 25, 132 x 43 (text) 16
Lotust 1-2-30 v3.X
800 x 600, 1024 x 768 16
. 132 x 25, 132 x 43 (text) 16
Microsoftt! Word v5.X
800 x 600, 1024 x 768 16
WordPerfect! v5.0 800 x 600 16
132 x 25, 132 x 43 (text) 16
WordPerfectt v5.1
800 x 600, 1024 x 768 16
WordStart v5.5-v7.0 800 x 600, 1024 x 768 16

a Not all monitors support all resolutions; 640 x 480 drivers will run on PS/20,-type monitors. Extended resolutions are depen-

dent upon monitor type and VGA system implementation.
b 0S/20 v2.0 requires a v2.0 Corrective Service Pack for 256 .

OVERVIEW
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CL-GD5425 Highlights

FEATURES

May 1995

True color VGA controller with TV output

— Scaling fits full VGA display into TV viewing area while
maintaining proper aspect ratio

— Flicker-filter reduces interlaced artifacts associated with
computer-generated graphic images
Glueless interface to popular TV encoders

Multimedia support

— Video overlay of 16-bit RGB, 16-hit YCrCb
— 8-bit feature connector

— 16-bit VAFC (VESAU advanced feature connector)
— GENLOCK support

Graphics acceleration features:

— Color expansion reduces host bus traffic

— 64 x 64 hardware cursor

— Display memory linear addressing

Flexible 16-bit host interface

— VESAF VL-Bus[ (up to 50 MHz)

— ISA bus

Flexible 32-bit display memory interface
— Supports 256K x4, x8, x16 DRAMs

— 512-Kbyte or 1-Mbyte memory capacity
Integrated 24-bit DAC

— VGA resolution up to 1024 x 768, 256 colors

— NTSC resolution up to 640 x 480, 64K colors, scaled
with flicker filter

— PAL resolution up to 640 x 480, 64K colors with flicker
filter

PRELIMINARY DATA BOOK v7.0

True Color VGA Controller with TV Output

OVERVIEW

The CL-GD5425 integrates a Super VGA controller, dual-
frequency synthesizer, true-color palette DAC, and TV
processing support into a single device.

A member of the industry-standard CL-GD542X family of
true color VGA controllers, the CL-GD5425 is fully backed
by software and design support.

The CL-GD5425 provides NTSC/PAL timing for standard
VGA display modes, as well as the following extended
resolutions:

Extended Resolutions for TV Output

Resolution No. of Colors Memory
640 x 480 256 512 Kbyte
640 x 480 64K 1 Mbyte
640 x 400 64K 512 Kbyte

The CL-GD5425 provides integrated scaling, flicker
reduction, and a glueless encoder interface that delivers
high-quality TV display at the lowest possible cost without
the need for additional frame or line stores.

The programmable flicker-reduction function reduces
interlaced artifacts inherent in computer-generated
images displayed on interlaced TV monitors. The degree
of filtering is selectable by the end-user.

The CL-GD5425 is 100% hardware- and BIOS-compati-
ble with VGA standards, and connects directly to the
VESAU VL-BusO or ISA bus. A single DRAM, two fre-
quency references, and an economical analog encoder
are added to make a complete set-top graphics system.

| 3_3

OVERVIEW
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CL-GD542X ADVANTAGES
Unique Features

Cost Effectiveness —

Glueless interface to as few as one DRAM, built-in
true-color palette DAC and dual-frequency
synthesizer

Interface to x4, x8, x16 DRAMs

High Performance —

16-bit VESAU VL-BusO and local bus interface

Hardware BitBLT for WindowsU
(CL-GD5425/°26/'28/'29)

32-bit-wide DRAM interface

Maximizes fast-page mode access to display-
memory DRAMs

Host access to DRAMSs through advanced write
buffers

15-, 16-, or 24-bit true-color palette DAC

Multimedia —

m 3-3-2 RGB DAC modes for video playback
(CL-GD5425/'28/°29)

m NTSC or PAL output (CL-GD5425)
m Overlay and ‘color key’, and GENLOCK support

Compatibility —
m Compatible with VGA and VESAU standards

m Drivers supplied at various resolutions for Windowst
3.1, WindowsC 950, and other key applications

m Connects directly to multifrequency analog monitors

BIOS SUPPORT

m Fully IBMEVGA-compatible BIOS

m Relocatable, 32 Kbytes with VESAUVL-BusO local
bus support

m VBE (VESAC BIOS extensions) support in ROM

m Support for DPMS (display power management
signaling) in ROM

Benefits

O Minimizes chip count and board space; enables a
cost-effective solution.

O Allows design flexibility for use of appropriate type
and amount of memory.

O Increases system throughput.

O Accelerates GUI applications such as Microsoftt
Windowst and similar applications.

O Eliminates display-memory bottleneck.

O Improves CPU performance by accessing maximum
bandwidth available from DRAM display memory.

O Provides faster host access for writes to display
memory.

O Provides high- and true-color display for photo-
realistic images; 32K, 64K, or 16.8 million colors
displayed simultaneously on screen for lifelike
images.

O Enables high-resolution playback for live video
applications.

O Allows TV viewing of PC games and applications.

O Allows 16-bit per pixel interfacing through the
VESAU connector for multimedia applications.

O Ensures compatibility with installed base of systems
and software.

O Provides a ‘ready-to-go’ solution that minimizes the
need for additional driver development.

O Drives all PC-industry-standard, high-resolution
monitors to ensure compatibility.

UTILITIES

m Graphics and video diagnostics test

m Windows! and DOS utilities

m Video mode configuration utility — CLMODE

m Set resolution in WindowsU utility — WINMODE
m Configurable system integration for OEMs —

OEMSI

OVERVIEW
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Features 'GD5420 | 'GD5422 | 'GD5424 | 'GD5425 | 'GD5426 | 'GD5428 | 'GD5429

Performance

VESAU VL-Bus[] and Direct

80386 or 80486 CPU ad ad O O ad

interface

BitBLT engine 0 Enhanced MM I/O

Zero-wait-state operation O O O ad ad O O

Maximum display memory 1 Mbyte 1 Mbyte 1 Mbyte 1 Mbyte 2 Mbytes | 2 Mbytes 2 Mbytes

Display memory interface 16-hit 32-bit 32-bit 32-bit 32-bit 32-bit 32-bit
L up to up to up to up to up to up to up to

Hardware cursor (in pixels) 32X32 | 64X64 | 64X64 | 64%X64 | 64X64 | 64X64 | 64X64

Maximum dot clock frequency 75 MHz 80 MHz 80 MHz 80 MHz 80 MHz 80 MHz 86 MHz

Maximum MCLK frequency 50 MHz 50 MHz 50 MHz 60 MHz 50 MHz 50 MHz 60 MHz

High integration

Integrated palette DAC and

dual-frequency synthesizer . . . . d 0 :

Motherboard VGA solution Plus

with only two ICs . . . Encoder . . d

Built-in port for VESAU

feature connector . . : . J 0 .

Built-in ISA (up to 12.5 MHz)

bus support D . : : . D :

Built-in TV output support O

Flexibility

Support for x4-, x8-, and x16-

bit-wide DRAMS H - - - - - H

8- or 16-bit host bus 1/0 and

memory interface . . . . J J .

8-bit gray and 3-3-2 RGB

DAC modes . . .

CCIR 601 YCrCb mode ad

General

100% hardware- and BIOS-

compatible with IBMU VGA O O 0 0 a ad 0

display standards

'Green PC’ compliant O O O a ad O O

132-column text mode 0 0 0 0 0 0 0

support

46E8 or_3C3 sleep 0 0 0 0 0 0

mechanism

Video overlay and

‘color key’ support . . . . . .

VESAU VAFCLI base support 0 0

(for video overlay)

Low-power CMOS,

160-pin package . D . . J . .

Screen resolution and colors

640 X 480 upto256 | upto16M | upto 16M | upto 16M | upto 16M | upto 16M | up to 16M

800 X 600 upto 256 | upto 64K | upto 64K | upto 64K | upto 64K | upto 64K up to 64K

1024 X 768 (interlaced) upto256 | upto256 | upto256 | upto256 | upto256 | upto 64K up to 64K

1024 X 768 (non-interlaced) upto256 | upto256 | upto256 | upto256 | upto256 | upto 256 up to 256

1280 X 1024 (interlaced) up to 16 up to 16 up to 16 up to 256 | upto 256 up to 256

May 1995
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CL-GD542X
VGA Graphics Controllers

CONVENTIONS

This section lists conventions used in this data book. ‘CL-GD542X’ represents CL-GD5420, CL-GD5422,
CL-GD5424, CL-GD5425, CL-GD5426, CL-GD5428, and CL-GD5429, the six members of the True Color
VGA controller family.

Abbreviations
Units of measure Symbol
degree Celsius °C
hertz (cycle per second) Hz
kilobyte (1,024 bytes) Kbyte
kilohertz kHz
kilohm kQ
megabyte (1,048,576 bytes) Mbyte
megahertz (1,000 kilohertz) MHz
microfarad UF
microsecond (1,000 nanoseconds) us
milliampere mA
millisecond (1,000 microseconds) ms
nanosecond ns
picovolt pVv

The use of ‘thd’ indicates values that are ‘to be determined’, ‘n/a’ designates ‘not available’, and ‘n/c’ in-
dicates a pin that is a ‘no connect'.

Acronyms

The following table lists acronyms used in this data book.

Acronym Definition
AC alternating current
BIOS basic input/output system
BitBLT bit boundary block transfer
CAD computer-aided design
CAS column address strobe
CLUT color lookup table
CMOS complementary metal-oxide semiconductor
CRT cathode ray tube
DAC digital-to-analog converter
DC direct current

CONVENTIONS PRELIMINARY DATA BOOK v7.0
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Acronym Definition (cont.)
DPMS display power management signaling
DRAM dynamic random-access memory
EEPROM electrically erasable/programmable read-only memory
EISA extended industry standard architecture
EPROM electrically programmable read-only memory
FIFO first in/first out
HI-Z high-impedance
HSYNC/VSYNC horizontal/vertical synchronization
ISA industry standard architecture
LSB least-significant bit
LUT lookup table
MD memory data
MSB most-significant bit
PCI peripheral component interconnect
PQFP plastic quad-flat pack
RAM random-access memory
RAS row address strobe
RGB red, green, blue
ROPs raster operations
R/W read/write
SC serial clock
TSR terminate and stay resident
TTL transistor-transistor logic
VAFC VESAU advance feature connector
VESAU Video Electronics Standards Association
VGA video graphics array
VRAM video random-access memory

Numeric Naming

Hexadecimal numbers are represented with all letters in uppercase and a lowercase ‘h’ is appended to
them (for example, ‘14h’, ‘3A7h’, and ‘CO00h’ are hexadecimal numbers). Numbers not indicated by an

‘h’ are decimal.

May 1995
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1. PIN INFORMATION

CL-GD542X

VGA Graphics Controllers

The CL-GD542X family of VGA controllers is available in a 160-pin quad flat pack device configuration,

shown below.

1.1 Pin Diagram (ISA Bus)

(=]
]
n
>

™
<
o
=

-<«—>» MD14
-€«—>» MD15
—» WE2*
-«—>» D16
-«—>» \MD17
-€«—>» MD18
~€«—>» VD19
-<—>» D20
~€«—>» VD21
-«—>» VD22
~€«—» MD23

VSS8

~€«—» MD27
-€«—>» MD28
-€—» MD29
~€—>» MD30
~¢—>» MD31

~4¢— EDCLK*
-€—» ESYNC*
-¢«—>» EVIDEO*
-€¢—>» BLANK*

- ———VSS6
MD12 <—» <—>» PO
MD11 <€—3» ~—— REF
MD10 <€—» —» RED

MD9 <€—3 —» GREEN
MDg <€—>» — BLUE
WE1* €&—— ——» EECS
VSS10 ———— 4—&53:32
<> B —
MB% - —» OVRW
MD5 w—» — AVSS2
MD4 <€—3 —» HSYNC
MD3 €—>» — VSYNC
MD2 <€—3 ~—— TWR*
MD1 <€—>» y y y y y y ——— AVDD1
B3 F3E CL-GD5420/°22/'24/'25/'26/'28/'29 & E— i
VSS11l——— —— AVSS1
WEQ* <€—— ~<—>» 3D7
CAS* <—— 160-Pin PQFP e
VDD7 —— VSS5
OE* — ISA Bus ~—>» D5
RAS* <€—— ~<—>» sSD4
MA9 <€—— —VDD3
VSS12 ——— <—>» sD3
MAS <€&—— ~«—>» SD2
MA7 <€—— -«—>» SD1
MAG <€—— ~«—>» SDO
MAS5 ~——— ———VSS4
MA4 <€—— —>» IRQ
MA3 <€¢—— —» 0WS
MA2 <€—— -<——ow*
MAl <€—— ~——|OR*
MAO <€—— ~«——— REFRESH*
AVDD4 —— IOCHRDY
MFILTER <«——AEN
AVSS4 ~«——SA16
MCLK <€—3» ~«——S3AL5
XTAL <€—— - gﬁig
0SC —» -
VSS13 . -€«——RESET
8558RR0555362253333333772360d00a000003334
[} s o= n
NOTE: WE1*, WEOQ*, MD[15:0], and OVRW are reserved on CL-GD5420.
3-1 ] May 1995
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1.2 Pin Diagram (MicroChannel® Bus)

VSS8

AVDD3
~<—» P3

VDD4

~«—>» VD28
~<«—>» MD29
-«—>» VD30
~«—>» MD31
~€—— EDCLK*
<—» ESYNC*
~«—>» EVIDEO*
~€—» BLANK*
~«—>» DCLK
-«—» P2
-<«—>» p1

~
o
o
=

VDD —— ——VSS6
PO
MD12 <—>» <> o
VD10 —» RED
MD10 -—» SREEN
oo > —» BLUE
Vet B —» EECS
WEl*— -—EEDI
VSS10 oL
MD6 . —» OVRW
MDS B —AVSS2
= > —» HSYNC
MD4
D> <> T
mgi <> y ’ ’ 6 ———AVDD1
- ! ! ! —VFILTER
Ve CL-GD5420/22/'24/'25/'26/'28/'29 & E—:
- ~<—» D7
WEQ* €— . o6
CAS' < 160-Pin PQFP T
VDD7 ———— . vs
OF =-—— MicroChannel" Bus ~ o
"ae - ——VDD3
oy ~<—» D3
VSS12 — oS
MAS <&—— <> b2
Mo <—>» D0
MA6 €—— Vosa
MA5 €— —-|RQ
MAs ——» UNUSED
MA3 €— v
MA2 €—— 4—_51
MAD 4_4— ~€— -REFRESH
MAO— ——» CD_CHRDY
e ~«——-CD_SETUP
MFILTER -~ 6
AVSS4 o
MCLK —>» o
XTAL—> -«——AI13
o . ~— CHRESET
VSS13
SRR LR EEFEEREELEF LR RE R R b
> & > > = E00 Q>
' =
a0
S
NOTES:
1) WE1*, WEO*, MD[15:0], and OVRW are reserved on CL-GD5420.
2) ‘-’indicates active-low on the MicroChannel bus.
-11
|
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VGA Graphics Controllers

1.3 Pin Diagram (Local Bus)

3-12

[}
]
u
>

™ < W0
H o
[aalya)
===

585
£

-<€«—>» MD21
~«—» MD22

-€—» ESYNC*

~€«—» EVIDEO*

~€—» BLANK*

I ———VSS6
MD12 €—» -<«——>» PO
MD11 <€—» <«— |REF
MD10 €—» —» RED
MD9 &—» —» GREEN
MD8 &> —» BLUE
WE1* €— ——» EECS/OEL#
VSS10 — -~«——— EEDI/OEH#
MD7 <€&—>» AVDD2
MD6 -—» —» OVRW
MD5 w—» AVSS2
MD4 <€—>» —» HSYNC
MD3 €—» —» \VVSYNC
MD2 <€&—» ~<— TWR*
MD1 €—» ] 7 b) 17 ——  AVDD1
D0 <—> CL-GD5424/'25/’26/’28/'29
VSS1l ——— —AVSS1
" . <>
e —— 160-Pin PQFP -
Al Local Bus vese
RAS* €— <«——>» D4
MA9 €— —VDD3
VSS12 —— -<—>» D3
MAS <€—— ~«—>» D2
MA7 €—— -<—>» D1
MA6 €—— -<«——>» D0
MAS5 €—— VSS4
MA4 €— —» INTR
MA3 €«—— -<€¢— GROUND
MA2 €— ~€— CLK2X/CLK1X
MAl €— -« W/R#
MAO €— ~—BEO#
AVDD4 —— —» RDY#
MFILTER ~¢—— CPU_RESET/RDYR#
AVSS4 «—A16
MCLK €—» -«—A15
XTAL €— -« Al4
0SC —» . «—A13
VSS13 -«——RESET
A EODTONATODONHEHNODO ANMNMHEHEHFRFNHFENNMTINDONODDO ANM
82880890800 820373dFaudup e Tet<<<g3dy
> > >a3 J80<>502 >
w < #O9% F a3
=} S ow w <
L T i
O o m
-
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The following abbreviations are used for pin types in the following tables: (1) indicates input; (O) indicates

output; (1/0) indicates input or output depending on how the device is configured and programmed

Table 1-1. Host Interface — ISA/MicroChannell
NuPrInnber T?Se Pull-upa (Ir?]'f) loL(MA) L(g;’i_\;j ISA MicroChanneld
21 I . LA23 A23
20 I . LA22 A22
19 I . LA21 A21
18 I . LA20 A20
17 I . LA19 A19
16 I . LA18 A18
15 I . LA17 A17
45 I SA16 A16
44 I SA15 A15
43 I SAl4 Al4
42 I SA13 Al13
39 I SA12 Al12
38 I SAl11l Al1l
37 I SA10 A10
36 I SA9 A9
35 I SA8 A8
34 I SA7 A7
33 I SA6 A6
32 I SA5 A5
31 I SA4 A4
30 I SA3 A3
29 I SA2 A2
28 I SAL Al
27 I SA0 A0
3 I/0 . -3 12 240 SD15 D15
4 I/O . -3 12 240 SD14 D14
5 110 . -3 12 240 SD13 D13
6 110 . -3 12 240 SD12 D12
8 I/O . -3 12 240 SD11 D11
9 110 . -3 12 240 SD10 D10
10 110 . -3 12 240 SD9 D9
11 I/O . -3 12 240 SDS8 D8
63 110 -3 12 240 SD7 D7
62 I/O -3 12 240 SD6 D6
60 I/O -3 12 240 SD5 D5
59 I/0 -3 12 240 SD4 D4
57 11O -3 12 240 SD3 D3
56 I/0 -3 12 240 SD2 D2

PRELIMINARY DATA BOOK v7.0

PIN INFORMATION

3-13



e CL-GD542X
e — VGA Graphics Controllers
=—==CIRRUS LOGIC -
Table 1-1. Host Interface — ISA/MicroChannelt (cont.)
NuPnlqnber TF;/ISe Pull-upa (Ir?{f) loL(MA) I‘(Si;j ISA MicroChannelC
55 1’0 -3 12 240 SD1 D1
54 1’0 -3 12 240 SDO DO
24 I SBHE* -SBHE
25 I BALE MADE24
46 I AEN -CD_SETUP
49 I IOR* -S1
50 I oW -CMD
14 I MEMR* M/-10
13 I MEMW* -S0
41 I RESET CHRESET
48 I REFRESH* -REFRESH
47 o] -3 20 200 IOCHRDY CD_CHRDY
22 o] -3 20 200 IoCSs16* —-CD_SFDBK
23 (0] -3 20 200 MCS16* -CD_DS16
51 o (OC) 20 200 ows (unused)
52 o] -3 20 200 IRQ -IRQ
a e indicates the presence of a 250 kQ, + 50 % pull-up resistor.
b Data pads nominally rated at =3 mA lgy will sink =15 mA at Vo = 2.0 V.
Table 1-2. Host Interface — Local Bus (CL-GD5424/'25/'26/'28/'29 only)
Pin loyP I Load VESAD
Number | Type Pull-up? (r?lljbx) (n?,k) (pF) 386SX 386DX 486 VL-BusO
| o A23 A23 A23 A23
I . A22 A22 A22 A22
I . A21 A21 A21 A21
| o A20 A20 A20 A20
I . A19 A19 A19 Al19
I . A18 A18 A18 A18
I . Al7 A17 Al7 Al7
I Al6 A16 A16 A16
I A15 A15 A15 A15
I Al4 Al4 Al4 Al4
I A13 A13 A13 A13
I Al12 A12 Al12 Al2
I All All All A1l
I A10 A10 A10 A10
I A9 A9 A9 A9
I A8 A8 A8 A8
I A7 A7 A7 A7
I A6 A6 A6 A6

3-14
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Table 1-2. Host Interface — Local Bus (CL-GD5424/°25/'26/'28/'29 only) (cont.)
Pin Pin lonP I Load VESAU
Number | Type | PUUP® | ) | mA) | (R | 386SX | '386DX 486 |y BusO

32 I A5 A5 A5 A5

31 [ A4 A4 A4 A4
30 I A3 A3 A3 A3

29 I A2 A2 A2 A2
28 [ Al BE3# BE3# BE3#
27 I BLE# BE2# BE2# BE2#
3 110 . -3 12 240 D15 D15 D15 D15

4 110 . -3 12 240 D14 D14 D14 D14

5 110 . -3 12 240 D13 D13 D13 D13

6 110 . -3 12 240 D12 D12 D12 D12

8 110 . -3 12 240 D11 D11 D11 D11

9 110 . -3 12 240 D10 D10 D10 D10
10 110 . -3 12 240 D9 D9 D9 D9
11 110 . -3 12 240 D8 D8 D8 D8
63 110 -3 12 240 D7 D7 D7 D7
62 110 -3 12 240 D6 D6 D6 D6
60 110 -3 12 240 D5 D5 D5 D5
59 110 -3 12 240 D4 D4 D4 D4
57 110 -3 12 240 D3 D3 D3 D3
56 110 -3 12 240 D2 D2 D2 D2
55 110 -3 12 240 D1 D1 D1 D1
54 110 -3 12 240 DO DO DO DO
24 I . BHE# BE1# BE1# BE1#
25 I ADS# ADS# ADS# LADS#
46 | CPU-Reset | CPU-Reset | CPU-Reset RDYRTN#
49 [ W/R# W/R# W/R# W/R#
50 I CLK2X CLK2X CLK1X LCLK
14 I M/I10# M/IO# M/IO# M/IO#
13 [ (unused) UADDR# UADDR# UADDR#
41 I . RESET RESET RESET RESET
48 I (unused) BEO# BEO# BEO#
47 0 -3 20 200 READY# READY# RDY# RDY#
22 0 -3 20 200 LBA# LBA# LBA# LDEV#
23 0 -3 20 200 (unused) BS16# BS16# LDS16#
51 [ (0C) 20 200 GROUND GROUND GROUND GROUND
52 0 -3 20 200 INTR INTR INTR INTR

a e indicates the presence of a 250 kQ, + 50 % pull-up resistor.
b Data pads nominally rated at =3 mA Iy will sink =15 mA at Vo = 2.0 V.

May 1995
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Table 1-3. Synthesizer Interface
Pin Pin IOH |o|_ Load
Number Type Pull-up (mA) (mA) (pF) Name
159 | 0oscC
Analog Out/TTL In
158 (CL-GD5425 only) XTAL
155 Analog MFILTER
65 Analog VFILTER
157 110 -12 12 20 MCLK
Table 1-4. Video Interface
Pin Pin I I Load
1na OH oL
Number Type Pull-up (mA) (mA) (pF) Name
68 110 =12 =12 50 VSYNC
69 110 -12 -12 50 HSYNC
93 1/0 -12 12 50 BLANK*
89 110 =12 12 50 P7
88 I/0 -12 12 50 P6
87 1/0 -12 12 50 P5
86 110 =12 12 50 P4
84 110 -12 12 50 P3
83 110 -12 12 50 P2
82 110 -12 12 50 P1
79 110 -12 12 50 PO
92 110 =12 12 50 DCLK
95 1/0 . ESYNC*
94 1/0 . EVIDEO*
96 | . EDCLK*
77 Analog Out RED
76 Analog Out GREEN
75 Analog Out BLUE
78 Analog In IREF
a e indicates the presence of a 250 kQ, + 50% pull-up resistor.
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Table 1-5. Display Memory Interface
Number TF;/ISe Pull-up® (m) (rlr?,k) 53?? Name

142 o] -8 12 50 RAS*
139 o] -12 12 50 CAS*b
141 o] -12 12 50 OFE*c
106 o] -12 12 50 WE3+d
116 o] -12 12 50 WE2*
127 o] -12 12 50 WE1*e
138 o] -12 12 50 WEOQ*e
143 o] -12 12 50 MA9
145 o] -12 12 50 MAS
146 o] -12 12 50 MA7
147 o] -12 12 50 MA6
148 o] -12 12 50 MAS5
149 o] -12 12 50 MA4
150 o] -12 12 50 MA3
151 o] -12 12 50 MA2
152 o] -12 12 50 MA1
153 o] -12 12 50 MAO
97 /0 . -12 12 50 MD31
98 /0 . -12 12 50 MD30
99 /0 . -12 12 50 MD29
100 /0 . -12 12 50 MD28
102 /0 . -12 12 50 MD27
103 /0 . -12 12 50 MD26
104 /0 . -12 12 50 MD25
105 /0 . -12 12 50 MD24
108 /0 . -12 12 50 MD23
109 /0 . -12 12 50 MD22
110 /0 . -12 12 50 MD21

My 195 —— 3] ]
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Table 1-5. Display Memory Interface (cont.)

NuPrInnber TF;/ISe Pull-up? (m) (rlr?,k) L(S?? Name
111 110 . -12 12 50 MD20
112 110 . =12 12 50 MD19
113 110 . -12 12 50 MD18
114 110 . -12 12 50 MD17
115 110 . =12 12 50 MD16
117 110 . -12 12 50 MD15€
118 110 . -12 12 50 MD14¢e
119 110 . =12 12 50 MD13€
122 110 . -12 12 50 MD12¢e
123 110 . -12 12 50 MD11e
124 110 . =12 12 50 MD10€
125 110 . -12 12 50 MD9e
126 110 . -12 12 50 MD8e
129 110 . =12 12 50 MD7¢e
130 110 . -12 12 50 MD6€
131 110 . -12 12 50 MD5€
132 110 . =12 12 50 MD4¢e
133 110 . -12 12 50 MD3¢e
134 110 . -12 12 50 MD2¢€
135 110 . =12 12 50 MD1¢e
136 110 . -12 12 50 MDOe

a e jndicates the presence of a 250 kQ, + 50 % pull-up resistor.

b CAS* is redefined as WE* for multiple-CAS* 256K x 16 DRAMs for the CL-GD5422/'24/'25/'26/'28/'29.

OE* is redefined as RAS1* for 2-Mbyte display memory configurations for the CL-GD5426/'28/'29 only.

d WE*[3:0] are redefined as CAS*[3:0] for multiple-CAS* 256K x 16 DRAMSs for the CL-GD5422/'24/'25/'26/'28/'29.
€ WE1*, WEOQ, MD[15:0] are reserved on the CL-GD5420.

o
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NuPrInnber TF))/IS e Pull-up? (II"SR) (rlr?'k) L(g '6:1? Name
74 Out -12 12 35 EECSb
73 In EEDIC
2 Out -12 12 35 EROM*
71 Out -12 12 35 OVRwd
67 In TWR*

a e jndicates the presence of a 250 kQ, + 50 % pull-up resistor.
b EECS is redefined as OEL# when the CL-GD5424/'25/'26/28/'29 (only) is configured for 486, VESA VL-Bus, or

local bus operation.
¢ EEDI is redefined as OEH# when the CL-GD5424/'25/'26/'28/'29 (only) is configured for ‘486, VESA VL-Bus, or local

bus operation.

d OVRW is reserved on the CL-GD5420.

May 1995
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Table 1-7. Power and Ground

NuPanber TF))/i;r)]e Pull-up loH loL L(g?;j Name Note
140 Power VDD7 Digital
121 Power VDD6 Digital
107 Power VDD5 Digital
81 Power VDD4 Digital
58 Power VDD3 Digital
26 Power VDD2 Digital

1 Power VDD1 Digital
160 Ground VSS13 Digital
144 Ground VSS12 Digital
137 Ground VSS11 Digital
128 Ground VSS10 Digital
120 Ground VSS9 Digital
101 Ground VSS8 Digital

91 Ground VSS7 Digital
80 Ground VSS6 Digital
61 Ground VSS5 Digital
53 Ground VSS4 Digital
40 Ground VSS3 Digital
12 Ground VSS2 Digital

7 Ground VSS1 Digital
66 Power AvVDD1 VCLK
64 Ground AVSS1 VCLK
154 Power AvVDD4 MCLK
156 Ground AVSS4 MCLK
85 Power AVDD3 DAC
72 Power AVDD2 DAC
90 Ground AVSS3 DAC
70 Ground AVSS2 DAC
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2. DETAILED PIN DESCRIPTIONS

The following abbreviations are used for pin types in the following sections: (I) indicates input; (O) indi-
cates output; (I/0) indicates a bidirectional signal; (TS) indicates three-state; (OC) indicates open

collector.

2.1 Host Interface — ISA Bus Mode

Name

Type Description

LA[23:17]

ADDRESS [23:17]: These inputs, in conjunction with SA[16:0], are used to select
the resource to be accessed during memory operations. These address bits are
latched with the falling edge of BALE.

SA[16:0]

ADDRESS [16:0]: These inputs, in conjunction with LA[23:17], are used to select
the resource to be accessed during any memory or I/O operation. These address
bits must remain valid throughout the cycle.

SD[15:8]

TS

SYSTEM DATA [15:8]: These bidirectional pins are used to transfer data during 16-
bit memory or I/O operations. These pins can be directly connected to the corre-
sponding ISA bus pins. These pads have pull-up resistors to guarantee a valid input
level when not connected.

SD[7:0]

TS

SYSTEM DATA [7:0]: These bidirectional pins are used to transfer data during any
memory or I/O operation. These pins can be directly connected to the corresponding
ISA bus pins.

SBHE*

SYSTEM BYTE HIGH ENABLE: This input is used in conjunction with A[0O] to deter-
mine the width and alignment of a data transfer. SBHE* and A[Q] are decoded as
shown in Table 2-1:

Table 2-1. SBHE/AO Decoding

SBHE* AO Function

0 0 16-bit Transfer

0 1 Upper-byte Transfer

1 0 Lower-byte Transfer

1 1 Lower-byte Transfer (on odd address)

BALE

BUS ADDRESS LATCH ENABLE: This active-high input is used to latch LA[23:17]
on the high-to-low transition.

AEN

ADDRESS ENABLE: If this input is high, it indicates that the current cycle is a DMA
cycle. In this case, the CL-GD542X will not respond to 1/O cycles. There is no effect
on memory cycles.

May 1995
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2.1 Host Interface — ISA Bus Mode (cont.)

Type Description

I/0O READ: This active-low input is used to indicate that an 1/O read is occurring. If
the address on SA[15:0] is within the range of the CL-GD542X, it will respond by
placing the contents of the appropriate register on the System Data bus.

I/O WRITE: This active-low input is used to indicate that an 1/0O write is occurring. If
the address on SA[15:0] is within the range of the CL-GD542X, it will respond by
transferring the contents of the System Data bus into the appropriate register. The
transfer will occur on the trailing (rising) edge of this signal. A list of I/O addresses
that the CL-GD542X will respond appears in Section 5 on page 47. When a 16-bit
I/O write is done, the address specified is typically the Index register for one of the
VGA groups. The index should appear on SD[7:0] and the data should appear on
SD[15:8].

MEMR*

MEMORY READ: This active-low input is used to indicate that a memory read is
occurring. If linear addressing is being used, this pin must be connected to ISA sig-
nal MEMR*. If linear addressing is not being used, this pin must be connected to ISA
signal SMEMR*. The CL-GD542X decodes A[23:15] to determine if a display mem-
ory read is occurring. If so, data is placed on the System Data pins according to the
read mode and the contents of display memory. The CL-GD542X decodes A[23:15]
to determine if a BIOS read is occurring. If so, the CL-GD542X makes EROM* active
for the duration of MEMR*.

MEMW*

MEMORY WRITE: This active-low input is used to indicate that a memory write is
occurring. If linear addressing is being used, this pin must be connected to ISA sig-
nal MEMW?*, If linear addressing is not being used, this pin must be connected to
ISA signal SMEMW?*. The CL-GD542X decodes A[23:15] to determine if a display
memory write is occurring. If so, data is written into display memory according to the
write mode and the data on SD[15:0]. The data are latched in the CL-GD542X on
the rising edge of this signal, and are actually transferred to display memory later.

RESET

RESET: This active-high signal is used to initialize the CL-GD542X to a known state.
The trailing (falling) edge of this input loads the Configuration register CF[14:0] with
the data on MD[30:16], determined by internal pull-up resistors and (optional) exter-
nal pull-down resistors.

REFRESH*

REFRESH?*: This active-low signal indicates that a DRAM refresh is occurring. The
CL-GD542X ignores memory read operations occurring when REFRESH* is active
since it controls the refresh of display memory.

3- D T — May 1995
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2.1 Host Interface — ISA Bus Mode (cont.)

Name

Type Description

IOCHRDY TS

/0 CHANNEL READY: When driven low, this output indicates that additional wait
states are to be inserted into the current display memory read or write cycle. This
output is never driven low during I/O cycles or BIOS reads. During a display memory
read cycle, this signal is always driven low as soon as MEMR* goes active. When
the data are ready to be placed on the System Data bus, this signal is driven high.
It remains high until MEMR* goes inactive; it then goes high impedance. During a
display memory write cycle, this signal is driven high as soon as MEMW* goes active
if there is space in the Write Buffer. If there is no space in the Write Buffer, this signal
is driven low as soon as MEMW* goes active and remains low until there is space.
Once there is space in the Write Buffer, this signal is driven high. It will remain high
until MEMW?* goes inactive; it then goes high-impedance.

IOCS16* ocC

I/O CHIP SELECT 16*: This open-collector output is driven low to indicate that the
CL-GD542X can execute an I/O operation at the address currently on the bus in 16-
bit mode. This signal is generated from a decode of A[15:0] and AEN. Table 2-2 indi-
cates the range of addresses that the CL-GD542X will generate IOCS16*:

Table 2-2. 10CS16* Addresses

Address

Function

3C4, 3C5

Sequencer

3CE, 3CF

Graphics controller

3B4/3D4, 3B5/3D5

CRT controller

3BA/3DA

Input Status register 1

MCS16* oC

MEMORY CHIP SELECT 16*: This open-collector output is driven low to indicate
that the CL-GD542X can execute a memory operation at the address currently on
the bus in 16-bit mode. Table 2-3 summarizes the conditions where MCS16* is made

active.
Table 2-3.

MSC16* Add

resses

Resource

Address
Bits

Address Range

Qualifier

Display memory

A[23:17]

A000:0-BFFF:F

SR8[6] =1
(No other VGA card)

Display memory

A[23:17]

1 Mbyte

SR7[7:4] 20
Linear Addressing

BIOS

A[23:15]

C000:0-C7FF:F

CF[6] =0
(16-bit BIOS)

NOTE: The SA bits are generated late enough to typically make them unusable for gener-
ating MCS16*. The CL-GD542X uses a fast path from SA[16:15] to MCS16*.
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2.1 Host Interface — ISA Bus Mode (cont.)

Name Type Description

ows* OC ZEROWAIT STATE*: This open-collector output is driven low to indicate that the cur-
rent cycle can be completed without any additional wait states. The circumstances
under which OWS* will be made active are summarized in Table 2-4.

Table 2-4. Zero Wait State* Cycles

Cycle Type

Qualifier

Display memory write

Write buffer not full

BIOS Read

CF[1] = 0 (not on CL-GD5429)

IRQ TS INTERRUPT REQUEST: This active-high output indicates the CL-GD542X has
reached the end of an active field. Specifically, the transition occurs at the beginning
of the bottom border. This pin is typically unused in PC/AT add-in cards, but can be
connected to IRQ2/IRQ9 via a jumper block. See register CR11 for a description of

the controls for this pin.
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2.2 Host Interface — MicroChannelld Bus Mode

Name

Type Description

A[23:0]

ADDRESS [23:0]: These inputs are used to select the resource to be accessed
during a memory or I/O operation. These address bits are latched with the falling
edge of -CMD. A[23:17] have internal pull-ups, whereas A[16:0] do not.

D[15:0]

TS

DATA [15:0]: These bidirectional pins are used to transfer data during memory
or I/O operation. These pins can be directly connected to the corresponding
MicroChannel bus pins.

-SBHE

-SYSTEM BYTE HIGH ENABLE: This input is used in conjunction with A[0] to
determine the width and alignment of a data transfer. This signal is latched with
—CMD low. This pad has a pull-up resistor. -SBHE and A[0] are decoded as
shown in Table 2-5.

Table 2-5. -SBHE/AOQ Decoding

-SBHE AO Function

0 0 16-bit Transfer

0 1 Upper-byte Transfer

1 0 Lower-byte Transfer

1 1 Lower-byte Transfer (on odd address)

MADE?24

MEMORY ADDRESS ENABLE 24: This active-high input is latched the falling
edge of -CMD. It indicates that the address is in the lower 16 Mbytes of address
space. MADE24 must be high for the CL-GD542X to participate in a memory
cycle.

-CD_SETUP

-CARD SETUP: When this active-low input is active, the CL-GD542X is placed
in Setup mode. In Setup mode, the CL-GD542X will respond only to POS102
accesses. It will not respond to any other I/O accesses or to display memory
accesses. It will respond to BIOS reads. This signal is latched with the falling
edge of -CMD.

Muy 1995 I —— 3 _) T
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2.2 Host Interface — MicroChannelY Bus Mode (cont.)

Name Type Description

-S1 I -STATUS 1: This signal, in conjunction with -S0 and M/-IO, is used to determine
the cycle type that occurs. The encoding is shown in Table 2-6:

Table 2-6. MicroChannelt Cycle Type Encoding
M/-10 -S0 -S1 Cycle

0 0 0 Reserved

0 0 1 1/O write

0 1 0 1/O read

0 1 1 Reserved

1 0 0 Reserved

1 0 1 Memory write

1 1 0 Memory read

1 1 1 Reserved

-CMD I -COMMAND: The falling edge of this input is used to latch the address bus,
MADE24, -SBHE, -REFRESH, M/-IO, -CD_SETUP, -S0, and -S1. Itis also used
to time the actual data transfer. During 1/O or memory-read cycles, the
CL-GD542X drives valid data onto the bus prior to the trailing edge of this signal.
During write cycles, the CL-GD542X expects valid data while this input is active
and latches the data at the trailing edge.

M/-10 I MEMORY/-10: This signal, in conjunction with -S0 and -S1, is decoded to deter-
mine the cycle type. See the description of -S1.

-S0 I -STATUS 0: This signal, in conjunction with -S1 and M/-10, is decoded to deter-
mine the cycle type. See the description of -S1.

RESET I RESET: This active-high signal is used to initialize the CL-GD542X to a known
state. The trailing (falling) edge of this input loads the Configuration register
CF[14:0] with the data on MD[30:16], determined by internal pull-up resistors and
(optional) external pull-down resistors.

-REFRESH I -REFRESH: This active-low signal indicates that a DRAM refresh is occurring.
This signal is latched with -CMD low. The CL-GD542X ignores memory-read
operations occurring when -REFRESH is active since it controls the refresh of
display memory.
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2.2 Host Interface — MicroChannelY Bus Mode (cont.)

Name

Type Description

CD_CHRDY

O

CARD CHANNEL READY: This output is driven low to request that additional
wait states be inserted into the current display memory read or write cycle. This
output is never driven low during I/O cycles or BIOS reads. During a display mem-
ory read cycle, this signal is always driven low as soon as -S1 goes low. When
the data are ready to be placed on the System Data bus, this signal is driven high.
During a display memory write cycle, this signal is driven high as soon as -SO
goes low if there is space in the Write Buffer. If there is no space in the Write
Buffer, this signal is driven low as soon as -S0 goes low, and remains low until
there is space. Once there is space in the Write Buffer, this signal is driven high.

-CD_SFDBK

ocC

-CARD SELECTED FEEDBACK: This open-collector output is driven low to indi-
cate that the CL-GD542X can respond to the addresses currently on the bus. This
signal is generated from a decode of -REFRESH, MADE?24, A[23:0], and M/-10.
This signal is made active for the Address Range C000:0-C7FF:F only if
CF[6] = 0 (indicating a 16-bit BIOS). If CF[6] = 1, this signal will not be made active
for Address Range C000:0—-C7FF:F. Also, this signal will not be made active for
Addresses 102 or 103 if M/-10 is low, indicating 1/O.

-CD_DS16

oC

-CARD SIZE 16: This open-collector output is driven low to indicate that the
CL-GD542X can execute a memory or I/O operation at the address currently on
the bus in 16-bit mode. This output is generated from a decode of A[23:0],
MADE?24, -REFRESH, and M/-IO. Table 2-7 summarizes the conditions under
which -CD_DS16 is made active.

Table 2-7. -CD_DS16 Addresses

Resource Address Bits Address Range

Display memory A[23:15] A000:0-BFFF:F

Display memory A[23:15] 1 Mbyte

BIOS (CFI6] = 0 only) A[23:11] C000:0-C7FF:F

IO A[15:1] 3C4, 3C5
3CE, 3CF
3B/D4, 3B/D5

3B/DA

-IRQ

oC

-INTERRUPT REQUEST: This open-collector output indicates the CL-GD542X
has reached the end of an active field. Specifically, the transition occurs at the
beginning of the bottom border. This pin is typically connected to IRQ9 via a
jumper block. See register CR11 for a description of the controls for this pin. This
pin is never driven high.

May 1995

L
PRELIMINARY DATA BOOK v7.0

3-27
DETAILED PIN DESCRIPTIONS



i

~—————

CIRRUS LOGIC

CL-GD542X
VGA Graphics Controllers

2.3 Host Interface — Local Bus (CL-GD5424/'25/'26/°28/'29 only)

A number of bus interface pins are redefined according to the local bus type connecting to the
CL-GD5424/'25/26/'28/'29. The host interface pins are listed in Table 2-8 by CL-GD5424/'25/'26/'28/'29

pin number.

Table 2-8. Redefined Host Interface Pins
Pin '386SX '386DX 486 VESAU VL-BusO
13 (unused) UADDR# UADDR# UADDR#
23 (unused) BS16# BS16# LBS16#
24 BHE# BE1# BE1# BE1#
27 BLE# BE2# BE2# BE2#
28 Al BE3# BE3# BE3#
46 CPU-RESET CPU-RESET GND RDYRTN#
a7 READY# READY# BRDY# BRDY#
48 (unused) BEO# BEO# BEO#
50 CLK2X CLK2X CLK1X LCLK
51 GROUND GROUND GROUND GROUND
73 (unused) (unused) OEH# OEH#
74 (unused) (unused) OEL# OEL#

3-28
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2.3 Host Interface — Local Bus (CL-GD542M/’25/’26/’28/’29 only) (cont.)

Name Type Description

A[23:2] [ ADDRESS [23:2]: These inputs are used to select the resource to be accessed dur-
ing memory or I/O operations. A[23:17] have internal pull-up resistors; A[16:2] do
not. A[3:2] are burst address bits for the '486.

D[15:0] TS DATA [15:0]: These bidirectional pins are used to transfer data during any memory
or 1/0O operation. These pins are directly connected to D[15:0] of the '386SX or
'386DX bus. These pins are connected via four bidirectional data transceivers to the
32 data pins of the '486 or VESA VL-Bus. The transceivers are controlled with OEH#,
OEL#, and W/R#. These pads have pull-up resistors.

BE[3:0]# I BYTE ENABLE [3:0]#: These active-low inputs are directly connected to the
'386DX/’486 or VESA VL-Bus byte enable outputs. In the case of the '386SX, BEO#
is unused and can be left unconnected. BE1#, 2, and 3 are redefined as BHE#,
BLE#, and Al, respectively. They must be directly connected to the corresponding
'386 outputs.

ADS# I ADDRESS STROBE: This active-low input indicates that a new cycle has begun. It
must be directly connected to the ADS# pin on the CPU. For VESA VL-Bus, this pin
is connected to LADS#.

CPU- I CPU RESET: When this active-high input is active, the CL-GD542X is forced into an

RESET initial condition. It is used to synchronize the CL-GD542X to CLK1X or CLK2X. This
pin must be connected to the RESET pin of the CPU in a 386 system; it must be
connected to ground in a '486 system; it must be connected to RDYRTN# in a VESA
VL-Bus system.

W/R# | WRITE/READ: This input indicates whether a write or read operation is to occur. It
must be directly connected to the W/R# pin on the CPU. If W/R# is high, a write will
occur. If it is low, a read will occur.

CLK2X | CLOCK 2X: This is the timing reference for the CL-GD542X when connected to a
'386SX or '386DX local bus. This is redefined as CLK1X for the '486 local bus. In
either case, it must be directly connected to the corresponding CPU pin. For VESA
VL-Bus, this pin is connected to LCLK.

M/IO# [ MEMORY/IO#: This input indicates whether a memory or 1/O operation is to occur.
It must be directly connected to the M/IO# pin on the CPU. If M/IO# is high, a mem-
ory operation will occur. If it is low, an 1/O operation will occur.

UADDR# | UPPER ADDRESS: This active-low input is a decode of the upper-CPU Address bits
A[32:24]. This input is unused in the case of a '386SX local bus and can be left
unconnected. Refer to appendixes in the CL-GD542X Technical Reference Manual
for information on the generation of this signal.
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2.3 Host Interface — Local Bus (CL-GD5424/°25/'26/'28/'29 only) (cont.)

Name Type Description

RESET [ RESET: This active-high input initializes the CL-GD542X to a known state. The trail-
ing (falling) edge of this input loads the Configuration register CF[14.0] with the data
on MD[30:16], determined by internal pull-up resistors and (optional) external pull-
down resistors.

RDY# TS RDY #: This active-low signal is used as an output to terminate a CL-GD542X bus
cycle.
LBA# TS LOCAL BUS ACKNOWLEDGE #: This open-collector output is driven low to indi-

cate that the CL-GD542X will respond to the current cycle. This signal is generated
from a decode of A[23:2], UADDR#, and M/IO#. This output will be active before the
middle of the first T2 after an active ADS#. For VESA VL-Bus, this pin is connected
to LDEV#.

BS16# OC BUS SIZE 16 #: This active-low output is driven by the CL-GD542X to indicate that
the current cycle addresses a 16-bit resource. The '386DX/'486 will convert the cycle
to an appropriate number of 16-bit transfers. This pin is not used for a '386SX local
bus and can be left unconnected. For VESA VL-Bus, this pin is connected to
LBS16#.

INTR TS INTERRUPT REQUEST: This active-high output indicates the CL-GD542X has
reached the end of an active field. Specifically, the transition occurs at the beginning
of the bottom border. See register CR11 for a description of the controls for this pin.

OEH# O OUTPUT ENABLE HIGH#: This active-low output controls the output enables for
the data transceivers that connect the CL-GD542X SD[15:0] pins to the '486 or
VESA VL-Bus D[31:16] pins.

OEL# O OUTPUT ENABLE LOW#: This active-low output controls the output enables for the
data transceivers that connect the CL-GD542X SD[15:0] pins to the 486 or VESA
VL-Bus D[15:0] pins.

3-3 L May 1995
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2.4 Dual-Frequency Synthesizer Interface

Name

Type Description

OSC

OSCILLATOR INPUT: This TTL input pin supplies the reference frequency for the
dual-frequency synthesizer. It requires an input frequency of 14.31818 + 0.01% MHz
with a duty cycle of 50 £ 10%. This input can be supplied from the appropriate pin
on the ISA or MicroChannel bus, from an oscillator, or with a series-resonant crystal
connected between this pin and the XTAL pin.

NOTE: When the CL-GD5425 (only) is configured for PAL/NTSC operation (pull-down
installed on MD16), this pin should be driven with 17.734475 MHz. This is the refer-
ence frequency for PAL.

XTAL

I/O

CRYSTAL: This output pin allows the use of a crystal to supply the reference fre-
guency for the synthesizer. A series-resonant crystal can be connected between this
pin and the OSC pin. If this pin is not used for a crystal connection, it must be left
unconnected (except for CL-GD5425).

When the CL-GD5425 (only) is configured for PAL/NTSC operation (pull-down
installed on MD16), this is an input pin and should be driven with 14.31818 MHz.
This is the reference frequency for NTSC, the MCLK synthesizer, and VGA modes.

MFILTER

MEMORY CLOCK FILTER: This pin must be connected to a TTRC filter returned to
AVSS4. The values of the two capacitors and the resistor are shown in Appendix
B17 in the CL-GD542X Technical Reference Manual. The filter components, espe-
cially the input capacitor and the resistor, must be placed as closely as possible to
this pin.

VFILTER

VIDEO CLOCK FILTER: This pin must be connected to a Tt RC filter returned to
AVSS1 or AVDD1, depending on processing. The values of the two capacitors and
the resistor are shown in Appendix B17 in the CL-GD542X Technical Reference
Manual. The filter components, especially the input capacitor and the resistor, must
be placed as closely as possible to this pin.

MCLK

I/O

MEMORY CLOCK: This pin is normally an output and can be used to monitor the
internal MCLK. Typically, it would not be connected. If CF[4] is a zero, MCLK will be
an input and the internal MCLK oscillator will be disabled. This configuration is
intended for testing only.

NOTE: For the CL-GD5425 and CL-GD5429 only, this pin can be configured to output the
internal VCLK VCO. If a pull-down is installed on MD31 (and no pull-down on MD20),
the internal VCLK VCO (prior to the post-scalar) will be driven onto this pin.
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2.5 Video Interface

Name

Type

Description

VSYNC

I/O

VERTICAL SYNC: This output supplies the vertical synchronization pulse to the
monitor. The polarity of this output is programmable. This pin is put into high imped-
ance when ESYNC* is low. This pin can be directly connected to the corresponding
pin on the feature connector.

NOTE: When the CL-GD5425 (only) is configured for VSYNC GENLOCK, by programming
CR1CJ[7] to ‘'1’, VSYNC becomes an input.

HSYNC

I/O

HORIZONTAL SYNC: This output supplies the horizontal synchronization pulse to
the monitor. The polarity of this output is programmable. This pin is put into high
impedance when ESYNC?* is low. This pin can be directly connected to the corre-
sponding pin on the feature connector.

NOTE: When the CL-GD5425 (only) is configured for HSYNC GENLOCK, by programming
CR1CJ[6] to ‘1’, HSYNC becomes an input.

BLANK*

I/O

BLANK?*: This is a bidirectional pin. If ESYNC* is high, BLANK* is an output. As an
output, it supplies a blanking signal to the feature connector. If ESYNC* is low,
BLANK* is an input. As an active-low input, it forces the RED, GREEN, and BLUE
outputs to zero current. This pin can be directly connected to the corresponding pin
on the feature connector.

NOTE: When the CL-GD5425 (only) is configured for TV mode by programming CR30[3] to
‘1’, this pin becomes the Color Carrier Reference (Nx fsc).

I/O

PIXEL BUS [7:0]: These are bidirectional pins. If EVIDEO* is high, these pins are
outputs and reflect the address into the palette DAC. If EVIDEO* is low, these pins
are inputs and can be used to drive pixel values into the palette DAC. These pins can
be directly connected to the corresponding pins on the feature connector.

DCLK

I/O

VIDEO DOT CLOCK: This is a bidirectional pin. If EDCLK* is high, this is an output
and can be used to externally latch the data on the Pixel Bus. If EDCLK* is low, this
is an input and can be used to clock data on the Pixel bus into the CL-GD542X. This
pin can be directly connected to the corresponding pin on the feature connector.

ESYNC*

I/O

ENABLE SYNC AND BLANK: This input is used to control the buffers on HSYNC,
VSYNC, and BLANK*. If ESYNC* is high, the controlled pins are outputs. If ESYNC*
is low, BLANK* is an input. HSYNC and VSYNC are not driven by the CL-GD542X
and must be driven externally to valid input levels. This pin can be directly connected
to the corresponding pin on the feature connector.

NOTE: Forthe CL-GD5425, the ESYNC* pin will be an output and will reflect SR8[2] when-
ever Overlay mode is selected by programming CR1A[3:2] to any value other than
‘0,0’ or whenever TV mode is selected by programming CR30[3] to‘1".

EVIDEO*

I/O

ENABLE VIDEO: This input controls the buffers on P[7:0]. If EVIDEO* is high, P[7:0]
are outputs; if EVIDEO* is low, P[7:0] are inputs. This pin can be directly connected
to the corresponding pin on the feature connector. This pin is not limited to static
operation; it can switch at the DCLK rate.
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2.5 Video Interface (cont.)

Name

Type Description

EDCLK*

ENABLE DOT CLOCK: This input is used to control the buffer on DCLK. If EDCLK*
is high, DCLK is an output; if EDCLK* is low, DCLK is an input. This pin can be
directly connected to the corresponding pin on the feature connector.

RED

RED VIDEO: This analog output supplies current corresponding to the red value of
the pixel being displayed. Each of the three DACs consists of 255 summed current
sources. For each pixel, either the 6-bit value from the LUT or a 5-, 6-, or 8-bit true-
color value is applied to each DAC input to determine the number of current sources
to be summed. Full-scale current on the RED, GREEN, and BLUE outputs is related
to IREF as follows:

If = (63/30)x |REF

To maintain IBM VGA compatibility, each DAC output is typically terminated to mon-
itor ground with a 75-Q 2-percent resistor. This resistor, in parallel with the 75-Q
resistor in the monitor, will yield a 37.5-Q impedance to ground. For a full-scale volt-
age of 700 mV, full-scale current output should be 18.7 mA.

GREEN

O

GREEN VIDEO: This analog output supplies current corresponding to the green
value of the pixel being displayed. See the description of RED for information regard-
ing the termination of this pin.

BLUE

BLUE VIDEO: This analog output supplies current corresponding to the blue value
of the pixel being displayed. See the description of RED for information regarding the
termination of this pin.

IREF

DAC CURRENT REFERENCE: The current drawn from AVpp through this pin deter-
mines the full-scale output of each DAC. Connect this pin to a constant current
source. A recommended circuit is provided in appendixes of the CL-GD542X Tech-
nical Reference Manual.

May 1995

L -33
PRELIMINARY DATA BOOK v7.0 DETAILED PIN DESCRIPTIONS



i

——= CIRRUS LOCGIC

CL-GD542X
VGA Graphics Controllers

2.6 Display Memory Interface

Type Description

O

ROW ADDRESS STROBE *: This active-low output is used to latch the row address
from MA[9:0] into the DRAMS. This pin must be connected to the RAS* pins of all the
DRAMs in the display memory array. These pads, and those for the other DRAM
controls, are matched for one-to-four loads. If eight DRAMSs are used, damping resis-
tors may be required to control edge rates and undershoot on these, and other, con-
trol pins.

CAS*

COLUMN ADDRESS STROBE *: This active-low output is used to latch the Column
Address from MA[9:0] into the DRAMS. This pin must be connected to the CAS* pins
of all the DRAMs in the display memory array.

NOTE: If CF[12] = 0 (dual-CAS* DRAMS), this pin becomes WE*.

OE*

OUTPUT ENABLE *: This active-low output is used to control the output enables of
the DRAMSs. For 256K x4 DRAMs and 256K x 16 DRAMs with Dual-write Enables,
this pin must be connected to the OE* pins of all the DRAMs in the display memory
array. For 256K x 16 DRAMs with dual-CAS*, this pin is a no-connect. For the
CL-GD5426/'28/'29 with 2 Mbytes of display memory, this pin becomes RAS1*. See
the DRAM configuration tables in Section 4 on page 41.

NOTE: Forthe CL-GD5425 (only), this pin is ODD/EVEN when the chip is configured for TV-
out and indicates which field is being displayed.

WE[3:0]*

WRITE ENABLE [3:0]*: These active-low outputs are used to control the write
enable inputs of the DRAMs. These pins must be connected to the WE* pins of the
DRAMs as indicated in the DRAM configuration tables in Section 4 on page 41.

NOTE: If CF[12] =0 (dual-CAS* DRAMSs) these pins become CASJ[3:0]*. These pins can be
connected to the CAS* pins of the DRAMs. WE[1:0]* are reserved on the
CL-GD5420 (Revision ‘A’).

MA[9]

MEMORY ADDRESS [9]: This pin controls one address input of the DRAMs. See
the DRAM configuration tables in Section 4 on page 41.

When the CL-GD5425 (only) is configured for TV mode, by programming CR30[3]
to ‘1", this pin becomes CSYNC out. CSYNC includes all horizontal and vertical tim-
ing and serration pulses.

MA[8:0]

MEMORY ADDRESS [8:0]: These pins control the address inputs of the DRAMSs.
These pins must be connected to the address pins of the DRAMs. See the DRAM
configuration tables in Section 4 on page 41.

MD[31:0]

TS

MEMORY DATA [31:0]: These pins are used to transfer data between the
CL-GD542X and the display memory. These pins must be connected to the data
pins of the DRAMSs. See the DRAM configuration tables in Section 4 on page 41.
These pins are forced into high impedance when RESET is active. This allows the
configuration pull-down resistors to override the weak pull-ups and be loaded into
the Configuration register CF. MD[15:0] are reserved on the CL-GD5420 (Revision
‘A).
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2.7 Miscellaneous Pins

Name

Type Description

EECS

O

EEPROM CHIP SELECT: This pin is used to control the Chip Select of the optional
configuration EEPROM, and should be directly connected to that pin (ISA and Micro-
channel only).

NOTE: This pin is redefined as OEL* for the '486 or VESA VL-Bus
(CL-GD5424/°26/°28/'29 only).

EEDI

EEPROM DATA IN: This pin is used to read the data from the optional configuration
EEPROM, and should be directly connected to the Data Out pin (ISA and Micro-
channel only).

NOTE: This pin is redefined as OEH* for the 486 or VESA VL-Bus (CL-GD5424/'26/'28/'29
only).

EROM*

ENABLE ROM BUFFERS*: This active-low output is used to control the Output
Enable pins of up to two 8-bit bus drivers. These buffers are used to connect the data
pins of the BIOS EPROMSs to the System Data bus. This output is forced high when
RESET is active. This output goes active only for memory read cycles to the address
range C000:0-C7FF:F. It is gated with MEMR?* in ISA mode, and with -CMD in
MicroChannel mode. It is un-latched address decode in Local Bus modes.

OVRW

OVERLAY WINDOW: This output signal is active-high. It is intended to be used in
applications involving video overlays. For additional connectivity information, see
Appendix B14 in the CL-GD542X technical reference manual. OVRW is reserved on
the CL-GD5420.

TWR*

TEST LATCH LOAD ENABLE?*: This pin is intended for factory testing and must be
pulled-up for normal operation. It can be used in board-level testing to disable most
of the CL-GD542X output pins. For additional information, see Appendix B14 in the
True Color VGA Family — CL-GD542X Technical Reference Manual.
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2.8 Power Pins

Name

Type

CL-GD542X
VGA Graphics Controllers

Description

VDD[7:1]

Power

PLUS FIVE (LOGIC): These seven pins are used to supply +5 volts to the core
logic of the CL-GD542X. Each pin must be connected to the VCC rail as
described in Appendixes B1-B3 of the True Color VGA Family — CL-GD542X
Technical Reference Manual. Each pin must be bypassed with a 0.1-uF capaci-
tor with proper high-frequency characteristics, placed as closely to the pin as
possible. If a multi-layer board is used, each VDD pin must be connected to the
power plane as outlined in Appendixes B1-B3 in the True Color VGA Family —
CL-GD542X Technical Reference Manual.

VSS[13:1]

Ground

GROUND (LOGIC): These 13 pins are used to supply ground reference to the
core logic of the CL-GD542X. Each pin must be directly connected to the GND
rail. If a multi-layer board is used, each VSS pin must be connected to the ground
plane.

AVDD[1]

Power

PLUS FIVE (VCLK): This pin is used to supply +5 volts to the video clock syn-
thesizer of the CL-GD542X. This pin must be connected to the VCC rail via a 33-
Q resistor, and bypassed to AVSS4 with a 10-uF capacitor.

AVSS[1]

Ground

GROUND (VCLK): This pin is used to supply ground reference to the video clock
synthesizer of the CL-GD542X. This pin must be connected to the GND rail.

AVDD[4]

Power

PLUS FIVE (MCLK): This pin is used to supply +5 volts to the memory clock syn-
thesizer of the CL-GD542X. This pin must be connected to the VCC rail through
a 33-Q resistor and bypassed to AVSS4 with a 10-pF capacitor.

AVSS[4]

Ground

GROUND (MCLK): This pin is used to supply ground reference to the video clock
synthesizer of the CL-GD542X. This pin must be connected to the GND rail.

AVDDI[3:2]

Power

PLUS FIVE (DAC): These two pins are used to supply +5 volts to the palette DAC
of the CL-GD542X. Each pin must be directly connected to the VCC rail. Each
pin must be bypassed, as closely to the pin as possible, with a 0.1-pF capacitor
with proper high-frequency characteristics. If a multi-layer board is used, each
VDD pin must be connected to the power plane.

AVSS[3:2]

Ground

GROUND (DAC): These two pins are used to supply the ground reference to the
palette DAC of the CL-GD542X. Each pin must be connected to the GND rail.
For various adapter board and motherboard solutions, see the appendixes in the
True Color VGA Family — CL-GD542X Technical Reference Manual.

3-3 L May 1995
DETAILED PIN DESCRIPTIONS PRELIMINARY DATA BOOK v7.0



CL-GD542X
VGA Graphics Controllers

—

3. FUNCTIONAL
DESCRIPTION

3.1 General

The CL-GD542X family of VGA controllers offers a
complete VGA-standards-compatible solution. All
of the hardware necessary for CPU updates to
memory, screen refresh, and DRAM refresh is in-
cluded in the CL-GD542X. A complete VGA moth-
erboard solution can be implemented with one
256K x 16 DRAM with any CL-GD542X chip.

The chip block diagram in Figure 3-1 shows the
CL-GD542X connection to the host, display mem-
ory, and monitor. Each member of the CL-GD542X
family of VGA controllers is pin-to-pin compatible
on the system bus.

3.2 Functional Blocks

The following functional blocks have been integrat-
ed into the CL-GD542X.

CPU Interface

The CL-GD542X connects directly to the ISA bus,
E-ISA bus, MicroChannel bus, or '386 and '486
bus (CL-GD5424/'26/°28/'29 only). No glue logic is
required. The CL-GD542X internally decodes a
16- or 24-bit address, and responds to the applica-
ble control lines. It executes both 1/0 accesses and
memory accesses as either an 8- or 16-bit device.

CPU Write Buffer

The CPU Write Buffer contains a queue of CPU
write accesses to display memory that have not
been executed because of memory arbitration.
Maintaining a queue allows the CL-GD542X to re-
lease the CPU as soon as it has recorded the ad-
dress and data, and to execute the operation when
display memory is available, increasing CPU per-
formance.

Graphics Controller

The Graphics Controller is located between the
CPU interface and the Memory Sequencer. It per-
forms text manipulation, data rotation, color map-
ping, and other miscellaneous operations.
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BitBLT

This is a unique GUI acceleration feature in the
CL-GD5426/°28/'29. The BIitBLT function moves
data with ROPs (raster operations). This operation
occurs in Packed-pixel modes with 8-, 16-, or 24-
bit-per-pixel transfers. Color expansion can be
used to translate monochrome images to 8- or 16-
bit color. The source or destination of a BitBLT op-
eration can be system memory.

Memory Arbitrator

The Memory Arbitrator allocates bandwidth to the
four functions that compete for the limited band-
width of display memory. These are CPU access,
screen refresh, DRAM refresh, and BitBLT opera-
tions. DRAM refresh is handled invisibly by allocat-
ing a selectable number of CAS*-before-RAS* re-
fresh cycles at the beginning of each scanline.
Screen refresh and CPU/BIitBLT accesses are al-
located cycles according to the FIFO-control pa-
rameters, with priority given to screen refreshes.

Memory Sequencer

The Memory Sequencer generates timing for dis-
play memory. This includes RAS*, CAS* and mul-
tiplexed-address timing, as well as WE* and OE*
timing. The Sequencer generates CAS*-before-
RAS* refresh cycles, Random Read and Random
Early Write cycles, and Fast-page mode Read and
Early Write cycles. The Memory Sequencer gener-
ates multiple-CAS* or multiple-WE* signals ac-
cording to the memory type used.

CRT Controller

The CRT controller generates the HSYNC and
VSYNC Signals required for the monitor, as well as
the BLANK?* signals required by the palette DAC.

Video FIFO

The Video FIFO allows the Memory Sequencer to
execute the display memory accesses needed for
screen refresh at maximum memory speed rather
than at the screen refresh rate. This makes it pos-
sible to collect the accesses for screen refresh
near the beginning of the scanline, and to execute
them in Fast-page mode rather than Random
Read mode.
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Attribute Controller Palette DAC

The Attribute Controller formats the display for the  The palette DAC block contains the color palette

screen. Display color selection, text blinking and  and three 8-bit digital-to-analog converters. The

underlining are performed by the Attribute Control-  color palette, with 256 18-bit entries, converts a

ler. Alternate font selection also occurs in the At-  color code that specifies the color of a pixel into

tribute Controller. three 6-bit values, one each for red, green, and
blue. The CL-GD5425 (only) supports YCrCb and
AccuPak-to-RGB conversion.

DISPLAY MEMORY
256K-1 MBYTE (CL-GD5420)
512K-1 MBYTE (CL-GD5422/'24/'25)
512K-2 MBYTE (CL-GD5426/'28/'29)

Fm e e e e - - A_ A - oo 1
1 | | 1
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CHIP | 4 o) |
BOUNDARY | o < E |
! 2 £ |8 | ANALOG
I = Yo Q I MONITOR
|
| MEMORY SEQUENCER :
I A -
| MEMORY ARBITRATOR Lo
HB%SST | 30 432 I ENCODER
1 1
| l_» BIT BLITTER (CL-GD5426/'28/'29) , (CL-GDS5425 ONLY)
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1
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Figure 3-1. CL-GD542X Chip Block Diagram
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Alternatively, the CL-GD542X (excluding the
CL-GD5420) can be configured for 15-, 16-, or 24-
bit pixels. This allows 32K, 65K, or 16 million simul-
taneous colors to be displayed on the screen. The
bits are allocated as 8-8-8 for the 16 million colors,
5-6-5 for the 64K Color mode, or five to each (red,
green, and blue) DAC for the 32K Color mode.

Dual-Frequency Synthesizer

The dual-frequency synthesizer generates the
Memory Sequencer Clock and the Video Display
Clock from a single reference frequency. The fre-
quency of each clock is programmable. The refer-
ence frequency can be generated with an internal
crystal-controlled oscillator. Alternatively, it can be
supplied from an external TTL source.

VESAU Connector/VGA Pass-through
Connector

The CL-GD542X is designed to connect directly to
a VESA connector. It supports the three
enable/disable inputs, and the Pixel bus can
directly drive the connector. Through this connec-
tor, the overlay feature could be used in multimedia
applications. This allows for internal DAC utilization
in 16-bit-per-pixel mode. The CL-GD5425/°29 sup-
ports the VAFC (VESA Advanced Feature Connec-
tor) Baseline for Video Overlay.

TV Encoder (CL-GD5425 only)

The CL-GD5425 provides integrated scaling,
flicker reduction, and a glueless encoder interface
that delivers high-quality TV display at the lowest
possible cost without the need for additional frame
or line stores.

The programmable flicker-reduction function
reduces interlaced artifacts inherent in computer-
generated images displayed on interlaced TV
monitors. The degree of filtering is selectable by
the end-user.

3.3 Functional Operation

The four major operations handled by the
CL-GD542X are discussed below.
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CPU Access to Registers

The host can be any processor controlling an ISA,
E-ISA, MicroChannel, or '386 and '486 local bus. It
accesses CL-GD542X registers by setting up 16-
or 24-bit addresses and making controls such as
IORD* or IOWR* active. The CL-GD542X can
respond either as an 8- or 16-bit peripheral,
depending on how the chip has been designed into
the system.

DRAM and screen refresh occur concurrently with,
and independently of, register access (unless the
host is changing display parameters or has sup-
pressed refresh). Registers are described in detalil
in the True Color VGA Family — CL-GD542X Tech-
nical Reference Manual.

CPU Access to Display Memory

All host accesses to display memory are handled
by the CL-GD542X. The host first sets up certain
parameters, such as color and write masks, then
generates a memory access in the range where
the CL-GD542X is programmed to respond.

Display Memory Refresh

The CL-GD542X automatically generates a select-
able number of CAS*-before-RAS* refresh cycles
during each horizontal timing period.

Screen Refresh

The CRT monitor requires a near-constant rewrit-
ing since its only memory is the phosphor persis-
tence. This persistence is typically only a few
milliseconds. The CL-GD542X fetches information
from the display memory for each scanline as
quickly as possible, using Fast-page mode cycles
to fill the Video FIFO. This allows the maximum
possible time for the host to access the display
memory.

| _39
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3.4 Performance

The CL-GD542X is designed with the following
performance-enhancing features:

Accelerated Microsoft Windows with BIitBLT
(CL-GD5426/'28/'29 only)

16-bit CPU interface to I/O registers for faster
host access

16-bit CPU interface to display memory for
faster host access in all modes, including Pla-
nar mode

32-bit display memory data bus for faster ac-
cess to display memory
(CL-GD5422/'24/25/'26/'28/'29)

DRAM Fast-page mode operations for faster
access to display memory

Zero-wait-state performance and a CPU write
buffer allows faster CPU access for writes to
display memory

Video FIFO to minimize memory contention
32 x 32 and 64 x 64 hardware cursor to im-
prove Microsoft Windows performance

Increased throughput with '386 and '486 local
bus interface (CL-GD5424/'25/'26/'28/'29)

3.5 Compatibility

The CL-GD542X includes all registers and data
paths required for VGA controllers.

The CL-GD542X supports extensions to VGA, in-
cluding 1024 x 768 x 256 interlaced and non-inter-
laced, and 1280 x 1024 x 256 interlaced modes.
Additionally, various 132-column text modes are
supported.

3.6 Board Testability

The CL-GD542X chip is testable, even when in-
stalled on a PC board. By using pin scan testing,
any IC signal pins not connected to the board or
shorted to a neighboring pin or trace, will be de-
tected. The Signature Generator allows the entire
system, including the display memory, to be tested
at speed. For further information on pin scan test-
ing and the Signal Generator, refer to Appendixes
B11 and B13 in the True Color VGA Family —
CL-GD542X Technical Reference Manual.
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4. CL-GD542X CONFIGURATION TABLES

4.1 Video Modes

Table 4-1. Standard VGA Modes

Mode VI\IjOSaAeD No. of Char. x Char. Screen For- | Display ';?;LZ" I\:/r?ert;..
No. No. Colors Row Cell mat Mode KHz Hz
00/01 - 16/256 40 x 25 8x8 320 x 200 Text 315 70
00*/01* - 16/256 40 x 25 8x14 320 x 350 Text 315 70
00+/01+ - 16/256 40 x 25 9x16 360 x 400 Text 315 70
02/03 - 16/256 80 x 25 8x8 640 x 200 Text 31.5 70
02*/03* - 16/256 80 x 25 8x14 640 x 350 Text 31.5 70
02+/03+ - 16/256 80 x 25 9x16 720 x 400 Text 315 70
04/05 - 4/256 40 x 25 8x8 320 x 200 Graphics 315 70
6 - 2/256 80 x 25 8x8 640 x 200 Graphics 315 70
o7* - Monochrome 80 x 25 9x14 720 x 350 Text 315 70
07+ - Monochrome 80 x 25 9x16 720 x 400 Text 31.5 70
(0]} - 16/256 40 x 25 8x8 320 x 200 Graphics 31.5 70
OE - 16/256 80 x 25 8x8 640 x 200 Graphics 315 70
OF - Monochrome 80 x 25 8x14 640 x 350 Graphics 315 70
10 - 16/256 80 x 25 8x14 640 x 350 Graphics 315 70
11 - 2/256 80 x 30 8 x16 640 x 480 Graphics 315 60
11+ - 2/256 80 x 30 8 x 16 640 x 480 Graphics 37.9 72
12 - 16/256 80 x 30 8 X 16 640 x 480 Graphics 31.5 60
12+ - 16/256 80 x 30 8 x16 640 x 480 Graphics 37.9 72
13 - 256/256 40 x 25 8x8 320 x 200 Graphics 315 70
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Table 4-2. Cirrus Logic Extended Video Modes

ode | VESAT | Moo | Charx | Chan | screen | DS | preq, | e | Fron
' ' MHz kHz Hz
14 - 16/256K | 132x25 | 8x16 | 1056 x 400 Text 415 315 70
54 10A 16/256K | 132x43 | 8x8 1056 x 350 Text 41.5 315 70
55 109 16/256K | 132 x25 | 8x14 | 1056 x 350 Text 41.5 315 70
58, 6A 102 16/256K | 100x37 | 8x16 800 x 600 Graphics 36 35.2 56
58, 6A 102 16/256K | 100x37 | 8x16 800 x 600 Graphics 40 37.8 60
58, 6A 102 16/256K 100 x37 | 8x16 800 x 600 Graphics 50 48.1 72
58, 6A 102 16/256K 100 x37 | 8x16 800 x 600 Graphics 49.5 46.9 75
5C 103 256/256K | 100 x37 | 8x16 800 x 600 Graphics 36 35.2 56
5C 103 256/256K | 100 x37 | 8x16 800 x 600 Graphics 40 37.9 60
5C 103 256/256K | 100 x37 | 8x16 800 x 600 Graphics 50 48.1 72
5C 103 256/256K | 100 x37 | 8x16 800 x 600 Graphics 495 46.9 75
5Dt 104 16/256K | 128 x48 | 8x16 | 1024 x 768 Graphics 44.9 355 g7t
5D 104 16/256K 128 x48 | 8x 16 1024 x 768 Graphics 65 48.3 60
5D 104 16/256K | 128 x48 | 8x 16 | 1024 x 768 Graphics 75 56 70
5D 104 16/256K | 128 x48 | 8x 16 | 1024 x 768 Graphics 77 58 72
5D 104 16/256K | 128 x48 | 8x16 | 1024 x 768 Graphics 78.7 60 75
5E 100 256/256K | 80x25 | 8x16 640 x 400 Graphics 25 315 70
5F 101 256/256K 80 x 30 8 x16 640 x 480 Graphics 25 31.5 60
5F 101 256/256K 80 x 30 8 x16 640 x 480 Graphics 315 37.9 72
60t 105 256/256K | 128 x48 | 8 x 16 1024 x 768 Graphics 449 35.5 87t
60 105 256/256K | 128 x48 | 8 x 16 1024 x 768 Graphics 65 48.3 60
60 105 256/256K | 128 x48 | 8x16 | 1024 x 768 Graphics 75 56 70
60 105 256/256K | 128 x48 | 8x16 | 1024 x 768 Graphics 77 58 72
60 105 256/256K | 128 x48 | 8 x 16 1024 x 768 Graphics 78.7 60 75
64 111 64K - - 640 x 480 Graphics 25 315 60
64 111 64K - - 640 x 480 Graphics 315 37.9 72
65 114 64K - - 800 x 600 Graphics 36 35.2 56
65 114 64K - - 800 x 600 Graphics 40 37.8 60
65 114 64K - - 800 x 600 Graphics 50 48.1 72
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Table 4-2. Cirrus Logic Extended Video Modes (cont.)
Mode | VESADO No. of Char.x | Char. Screen Display Erizgl. HF?(;:; l\:/reef(;..

No. No. Colors Row Cell Format Mode MHz KHz Hz
66 110 32K# — - 640 x 480 Graphics 25 315 60
66 110 32K* - - 640 x 480 Graphics 315 37.9 72
67 113 32K* - - 800 x 600 Graphics 36 35.2 56
67 113 32K# - - 800 x 600 Graphics 40 37.8 60
67 113 32Kt - - 800 x 600 Graphics 50 48.1 72
68t 116 32K# - - 1024 x 768 Graphics 44.9 355 g7t
6CT 106 16/256K 160x64 | 8x16 | 1280 x 1024 Graphics 75 48 87t
6DT 107 256/256K | 160x64 | 8 x16 | 1280 x 1024 Graphics 75 48 87t
71 112 16M - - 640 x 480 Graphics 25 315 60
741 117 64K - - 1024 x 768 Graphics 44.9 35.5 g7t

NOTES:

1) Some modes are not supported by all CL-GD542X controllers. Refer to the CL-GD542X data book and software
release kit for the list of video modes supported by the CL-GD542X BIOS.

2) Not all monitors support all modes. The fastest vertical refresh rate for the monitor type selected will be used

automatically.

3) *indicates 32K Direct-Color/256-color Mixed mode.

4) ‘f’indicates Interlaced mode.
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Table 4-3. NTSCTV Video Modes (CL-GD5425 only)

Mode No. | Colors | Screen Format | Char. x Row | Char. Cell | Display Mode Note

00/01 16/256K 320 x 200 40 x 25 8x8 Text -

02/03 16/256K 640 x 200 80 x 25 8x8 Text -

04/05 4/256K 320 x 200 40 x 25 8x8 Graphics Double scanned
06 2/256K 640 x 200 80 x 25 8x8 Graphics Double scanned
0D 16/256K 320 x 200 40 x 25 8x8 Graphics Double scanned
OE 16/256K 640 x 200 80 x 25 8x8 Graphics Double scanned
10 16/256K 640 x 350 80 x 25 8 x14 Graphics 7:8 expansion

11/12 16/256K 640 x 480 80 x 30 8x16 Graphics 6.5 scale
13 256/256K 320 x 200 40 x 25 8x8 Graphics Double scanned
5E 256/256K 640 x 400 80 x 25 8x16 Graphics -
5F 256/256K 640 x 480 80 x 30 8x16 Graphics 6:5 scale
64 64K 640 x 480 - - Graphics 6:5 scale
7A 64K 640 x 400 - - Graphics -

Table 4-4. PAL TV Video Modes (CL-GD5425 only)

Mode No. | Colors | Screen Format | Char. x Row | Char. Cell | Display Mode Note
00/01 16/256K 320 x 200 40 x 25 8x8 Text 5:6 expansion
02/03 16/256K 640 x 200 80 x 25 8x8 Text 5:6 expansion

. Double Scanned
04/05 4/256K 320 x 200 40 x 25 8x8 Graphics 5:6 expansion
06 2/256K 640 x 200 80 x 25 8x8 Graphics Double Scanned
5:6 expansion
. Double scanned
0D 16/256K 320 x 200 40 x 25 8x8 Graphics 5:6 expansion
OE 16/256K 640 x 200 80 x 25 8x8 Graphics Double scanned
5:6 expansion
. 5:7 expansion
10 16/256K 640 x 350 80 x 25 8x14 Graphics 490 scanlines
11/12 16/256K 640 x 480 80 x 30 8 x 16 Graphics -
13 256/256K 320 x 200 40 x 25 8x8 Graphics 5:6 expansion
5E 256/256K 640 x 400 80 x 25 8x 16 Graphics 5:6 Expansion
5F 256/256K 640 x 480 80 x 30 8x16 Graphics -
64 64K 640 x 480 - - Graphics -
7A 64K 640 x 400 - - Graphics 5:6 expansion

CL-GD542X CONFIGURATION TABLES PRELIMINARY DATA BOOK v7.0



CL-GD542X
VGA Graphics Controllers

4.2 Configuration Register, CF1

i

——= CIRRUS LOCGIC

When RESET (system power-on reset) goes active, the CL-GD542X samples the levels on several of the
Display Memory Data MD[x] pins. These levels are latched into a write-only configuration register (CF1).
The data bits in this register are not accessible to the host CPU. The levels on the Memory Data bus are,
by default, a logic ‘1’ during power-on reset due to internal 250-kQ pull-up resistors. A logic ‘0’ is achieved
by installing an external 6.8-kQ pull-down resistor on the memory data line corresponding to the appro-
priate bit in the Configuration register. The following table identifies the Configuration register bits and the
particular VGA function enabled by the latched level on the Memory Data bus during power-on reset.

Table 4-5. Configuration Register Bits
CF Bits Level Description Memory Data Bit Pin Number
15 0 Source VCLK on MCLK pin (CL-GD5425/'29) MD31 97
1 Source MCLK on MCLK pin (CL-GD5425/'29)
000 Reserved
001 ’386DX local bus (CL-GD5424/'25/'26/'28/'29)
010 '386SX local bus (CL-GD5424/'25/'26/'28/'29)
14.7 5 011 "486SX/DX local bus (CL-GD5424/25/'26/'28)
o 100 VESAU VL-Bus[J > 33 MHz (CL-GD5425/°29)
101 MicroChannel® bus
110 VESAU VL-Bus[J (CL-GD5424/'25/'26/'28/'29)
111 ISA bus MD30, 23, 21 98, 108, 110
0 Asymmetric DRAM (Not CL-GD5425)
13 1 Symmetric DRAM MD29 99
IREF Adjust (CL-GD5425)
0 CASJ[3:0]*, single-WE* (Reserved in CL-GD5420/'25)
12 1 WE[3:0J, single-CAS* MD28 100
0 7-MCLK RAS* cycle
1 1 6-MCLK RAS* cycle MD27 102
00 50.11363-MHz MCLK (Reserved in CL-GD5425)
01 44.74431-MHz MCLK
10.9 10 41.16477-MHz MCLK MD26, 25 103, 104
11 37.58523-MHz MCLK
0 64K ROM BIOS @ C0000-CFFFF
8 1 32K ROM BIOS @ C0O000-C7FFF MD24 105
16-bit BIOS ROM (ISA bus only)
0 (MCS16* generated for 64K or 32K)
6 1 8-bit BIOS ROM MD22 109
(CL-GD5424 does not generate MCS16%)
0 External MCLK (pin 157 is an input) (Test)
4 1 Internal MCLK (pin 157 is an output) MD20 1
0 Port 3C3h is Video System Sleep register
s 1 Port 46E8h is Video System Sleep register MD19 112
2 Reserved MD18 113
0 Zero wait enabled (except CL-GD5425/'29)
1 1 Zero wait disabled (except CL-GD5425/'29) MD17 114
0 Disable NTSC Black-Level offset (CL-GD5425)
1 Enable NTSC Black-Level offset (CL-GD5425)
0 0 XTAL, OSC configured for two ref (CL-GD5425) MD16 115
1 XTAL, OSC configured for one ref (CL-GD5425)
Muy 1995 I ———  3_/ 5
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4.3 Host Interface Signals

CL-GD542X

VGA Graphics Controllers

With the pin connections listed below, the CL-GD542X will interface directly to an ISA, MicroChannel, or

local bus.
Table 4-6. Bus Connections
. , . : : : VESAU
CL-GD542X Pin ISA Bus MicroChannelY Bus 386SX 386DX 486
VL-BusO
[45..42], [39..29] SA[16:2] A[16:2] A[16:2] A[16:2] A[16:2] A[16:2]
28 SAl Al Al BE3# BE3# BE3#
27 SAO A0 BLE# BE2# BE2# BE2#
[21..15] LA[23:17] A[23:17] A[23:17] A[23:17] | A[23:17] A[23:17]
[11..8], [6..3] SD[15:8] D[15:8] D[15:8] D[15:8] D[15:8]* D[15:8]*
[63..62], [60..59], SD[7:0] D[7:0] D[7:0] D[7:0] D[7:01t D[7:0]t
[57..54]
24 SBHE* -SBHE BHE# BE1# BE1# BE1#
25 BALE MADE24 ADS# ADS# ADS# ADS#
CPU- CPU-
46 AEN CD_SETUP Reset Reset Ground RDYRTN#
49 IOR* -S1 W/R# W/R# W/R# W/R#
50 IOW* -CMD CLK2X CLK2X CLK1X CLK1X
14 MEMR* M/-10 M/IO# M/IO# M/IO# M/IO#
13 MEMW* -S0 (unused) UADDR# | UADDR# UADDR#
41 RESET CHRESET RESET RESET RESET RESET
48 REFRESH -REFRESH (unused) BEO# BEO# BEO#
23 MCS16* -CD_DS16 (unused) BS16# BS16# BS16#
51 ows* (unused) GROUND | GrounD | SRBYN | Ground
52 IRQ -IRQ INTR INTR INTR INTR
47 IOCHRDY CD_CHRDY READY# READY# RDY# RDY#
22 IOCS16* -CD_SFDBK LBA# LBA# LBA# LBA#
159 osc 0osc osc osc osc osc
2 EROM* EROM* EROM* EROM* EROM* EROM*
NOTES:

1) For ISA-bus applications, note that SA[19..17] are not found on the CL-GD542X; this means that an adapter
board will only function in a 16-bit slot.

2) The OSC and EROM* pins are common in all configurations.
3) The OSC pin is an input for 14.31818 MHz.
4) T Data lines D[15:0] connect to external, data-steering transceiver.

-0 T — May 1995
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5. VGA REGISTER PORT MAP

Table 5-1. VGA Register Port Map

Address Port
94 POS 102 Access Control (3C3 sleep)
102 POS102 register
3B4 CRT Controller Index (R/'W — monochrome)
3B5 CRT Controller Data (R/W — monochrome)
3BA Feature Control (W), Input Status register 1 (R — monochrome)
3C0 Attribute Controller Index/Data (Write)
3C1 Attribute Controller Index/Data (Read)
3C2 Miscellaneous Output (W), Input Status register 0 (R)
3C3 MotherBoard Sleep
3C4 Sequencer Index (R/W)
3C5 Sequencer Data (R/W)
3C6 Video DAC Pixel Mask (R/W), Hidden DAC register (R/W)
3C7 Pixel Address Read mode (W), DAC State (R)
3C8 Pixel Mask Write mode (R/W)
3C9 Pixel Data (R/W)
3CA Feature Control Readback (R)
3CC Miscellaneous Output Readback (R)
3CE Graphics Controller Index (R/W)
3CF Graphics Controller Data (R/W)
3D4 CRT Controller Index (R/W — color)
3D5 CRT Controller Data (R/W — color)
3DA Feature Control (W), Input Status register 1 (R — color)
46E8 Adapter Sleep

PRELIMINARY DATA BOOK v7.0 VGA REGISTER PORT MAP
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6. CL-GD542X REGISTERS

Table 6-1. External/General Registers

Abbreviation Register Name Index Port
102 Access POS 94: 102 Access Control - 94
POS102 POS102 - 102
VSSM Motherboard Sleep Address (CL-GD5424/'25/'26/'28/'29 only) - 3C3
VSSM Adapter Sleep - 46E8
MISC Miscellaneous Output - 3C2 (Write)
MISC Miscellaneous Output - 3CC (Read)
FC Feature Control - 3?A (Write)2
FC Feature Control - 3CA (Read)
FEAT Input Status Register 0 - 3C2
STAT Input Status Register 1 - 3?A
3C6 Pixel Mask - 3C6
3C7 Pixel Address Read Mode - 3C7 (Write)
3C7 DAC State - 3C7 (Read)
3C8 Pixel Address Write Mode - 3C8
3C9 Pixel Data - 3C9

a ‘?"in the above register addresses is ‘B’ in Monochrome mode and ‘D’ in Color mode.

Table 6-2. VGA Sequencer Registers

Abbreviation Register Name Index Port
SRX Sequencer Index - 3C4
SRO Reset 0 3C5
SR1 Clocking Mode 1 3C5
SR2 Plane Mask 2 3C5
SR3 Character Map Select 3 3C5
SR4 Memory Mode 4 3C5

-4 T — May 1995
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Table 6-3. CRT Controller Registers

Abbreviation Register Name Index Port
CRX CRTC Index - 3?42
CRO Horizontal Total 0 375
CR1 Horizontal Display End 1 3?75
CR2 Horizontal Blanking Start 2 3?5
CR3 Horizontal Blanking End 3 3?5
CR4 Horizontal Sync Start 4 3?5
CR5 Horizontal Sync End 5 3?5
CR6 Vertical Total 6 375
CR7 Overflow 7 375
CR8 Screen A Preset Row Scan 8 3?5
CR9 Character Cell Height 9 3?5
CRA Text Cursor Start A 3?5
CRB Text Cursor End B 3?5
CRC Screen Start Address High C 3?5
CRD Screen Start Address Low D 375
CRE Text Cursor Location High E 3?5
CRF Text Cursor Location Low F 3?75
CR10 Vertical Sync Start 10 3?5
CR11 Vertical Sync End 11 3?5
CR12 Vertical Display End 12 3?5
CR13 Offset 13 375
CR14 Underline Row Scanline 14 3?5
CR15 Vertical Blanking Start 15 3?75
CR16 Vertical Blanking End 16 3?5
CR17 Mode Control 17 375
CR18 Line Compare 18 3?5
CR22 Graphics Data Latches Readback 22 3?75
CR24 Attribute Controller Toggle Readback 24 375
CR26 Attribute Controller Index Readback 26 3?5

a ?2’in the above register addresses is ‘B’ in Monochrome mode and ‘D’ in Color mode.

Muy 1995 I —— 3 _/| O
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Table 6-4. VGA Graphics Controller Registers

Abbreviation Register Name Index Port
GRX Graphics Controller Index - 3CE
GRO Set/Reset 0 3CF
GR1 Set/Reset Enable 1 3CF
GR2 Color Compare 2 3CF
GR3 Data Rotate 3 3CF
GR4 Read Map Select 4 3CF
GR5 Mode 5 3CF
GR6 Miscellaneous 6 3CF
GR7 Color Don’'t Care 7 3CF
GR8 Bit Mask 8 3CF

Table 6-5. VGA Attribute Controller Registers

Abbreviation Register Name Index Port

ARX Attribute Controller Index - 3C0/3C1
ARO-ARF Attribute Controller Palette O:F 3C0/3C1
AR10 Attribute Controller Mode 10 3C0/3C1
AR11 Overscan (Border) Color 11 3C0/3C1
AR12 Color Plane Enable 12 3C0/3C1
AR13 Pixel Panning 13 3C0/3C1
AR14 Color Select 14 3C0/3C1

3 May 1995
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Table 6-6. Extension Registers

Abbreviation Register Name Index Port
SR2 Enable Writing Pixel Extension 2 3C5
SR6 Unlock ALL Extensions 6 3C5
SR7 Extended Sequencer Mode 7 3C5
SR8 EEPROM Control 8 3C5
SR9 Scratch-Pad 0 9 3C5
SRA Scratch-Pad 1 A 3C5
SRB VCLKO Numerator B 3C5
SRC VCLK1 Numerator C 3C5
SRD VCLK2 Numerator D 3C5
SRE VCLKS3 Numerator E 3C5
SRF DRAM Control F 3C5
SR10 Graphics Cursor Y Position 10 3C5
SR11 Graphics Cursor X Position 11 3C5
SR12 Graphics Cursor Attributes 12 3C5
SR13 Graphics Cursor Pattern Address Offset 13 3C5
SR14 Scratch-Pad 2 (CL-GD5425/°26/°28/°29 only) 14 3C5
SR15 Scratch-Pad 3 (CL-GD5425/°26/'28/°29 only) 15 3C5
SR16 Performance Tuning (CL-GD5424/°25/°26/°28/°29 only) 16 3C5
SR17 Configuration Readback and Extended Control (except CL-GD5420) 17 3C5
SR18 Signature Generator Control (except CL-GD5420) 18 3C5
SR19 Signature Generator Result Low Byte (except CL-GD5420) 19 3C5
SR1A Signature Generator Result High Byte (except CL-GD5420) 1A 3C5
SR1B VCLKO Denominator and Post-Scalar Value 1B 3C5
SR1C VCLK1 Denominator and Post-Scalar Value 1C 3C5
SR1D VCLK2 Denominator and Post-Scalar Value 1D 3C5
SR1E VCLK3 Denominator and Post-Scalar Value 1E 3C5
SR1F BIOS ROM Write Enable and MCLK Select 1F 3C5
GRO Write Mode 5 Background Extension 0 3CF
GR1 Write Mode 4, 5 Foreground Extension 1 3CF
GR9 Offset Register 0 9 3CF
GRA Offset Register 1 A 3CF
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Table 6-6. Extension Registers (cont)

Abbreviation Register Name Index Port
GRB Graphics Controller Mode Extensions B 3CF
GRC Color Key (CL-GD5424/'25/'26/°'28/°29 only) C 3CF
GRD Color Key Mask (CL-GD5424/°25/'26/°28/°'29 only) D 3CF
GRE Miscellaneous Control (CL-GD5425/°28/°29 only) E 3CF
GR10 16-bit Pixel BG Color High Byte (except CL-GD5420) 10 3CF
GR11 16-bit Pixel FG Color High Byte (except CL-GD5420) 11 3CF
GR18 Extended DRAM Controls (CL-GD5429 only) 18 3CF
CR19 Interlace End 19 3752
CR1A Miscellaneous Control 1A 375
CR1B Extended Display Controls 1B 3?5
CRI1C Sync Adjust and GENLOCK (CL-GD5425 only) 1C 375
CR1D Overlay Mode Controls (CL-GD5425/°29 only) 1D 3?5
CR25 Part Status 25 3?5
CR27 ID 27 3?5
CR30 TV-Out Mode Control (CL-GD5425 only) 30 3?5
HDR Hidden DAC (except CL-GD5420) - 3C6

a ‘?"in the above register addresses is ‘B’ in Monochrome mode and ‘D’ in Color mode.

Table 6-7. CL-GD5426/'28/'29 BitBLT Registers

Abbreviation Register Name Index Port
GR20 BLT Width Low 20 3CF
GR21 BLT Width High 21 3CF
GR22 BLT Height Low 22 3CF
GR23 BLT Height High 23 3CF
GR24 BLT Destination Pitch Low 24 3CF
GR25 BLT Destination Pitch High 25 3CF
GR26 BLT Source Pitch Low 26 3CF
GR27 BLT Source Pitch High 27 3CF
GR28 BLT Destination Start Low 28 3CF
GR29 BLT Destination Start Mid 29 3CF
GR2A BLT Destination Start High 2A 3CF
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Abbreviation Register Name Index Port
GR2C BLT Source Start Low 2C 3CF
GR2D BLT Source Start Mid 2D 3CF
GR2E BLT Source Start High 2E 3CF
GR2F BLT Write Mask Destination (CL-GD5429 only) 2F 3CF
GR30 BLT Mode 30 3CF
GR31 BLT Start/Status 31 3CF
GR32 BLT Raster Operation 32 3CF
GR34 Transparent Color Select Low (except CL-GD5429) 34 3CF
GR35 Transparent Color Select High (except CL-GD5429) 35 3CF
GR38 Transparent Color Mask Low (except CL-GD5429) 38 3CF
GR39 Transparent Color Mask High (except CL-GD5429) 39 3CF

Muy 1995 L
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7. ELECTRICAL SPECIFICATIONS

7.1 Absolute Maximum Ratings

Ambient temperature under bias .................ccc 0°to70° C

StOrage teMPEIALUIE.........cccoiieeeeeeeees ettt 65°.te 150° C

VOIEAGE ON ANY PIN 1ottt Vgg-0.5VtoVec +05V
Operating power diSSIPALION ...........uuueeuieeieiiiieiieeeieeeeee e ee e eeeeeeeeeees 1.5 Watts

Power SUPPLY VOIBGE ... 7 Volts

Injection current (latch-up testing) ......cccoovv i, 100 mA

NOTE: Stresses above those listed may cause permanent damage to system components. These are stress ratings
only. Functional operation at these or any conditions above those indicated in the operational ratings of this

specification is not implied. Exposure to absolute maximum rating conditions for extended periods may
affect system reliability.

3- 5 T — May 1995
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7.2 DC Specifications (Digital)

(Ve =5V £5%, Ty = 0° to 70° C, unless otherwise specified)

Symbol Parameter MIN MAX Units Test Conditions Note
Vee Power Supply Voltage 4.75 5.25 Volts Normal Operation

VL Input Low Voltage 0 0.8 Volts

ViH Input High Voltage 2.0 Vee+0.5  Volts

VoL Output Low Voltage 0.5 Volts loL =4 mA 1
VoH Output High Voltage 2.4 Volts lon = 400 pA 2

e Supply Current Ve Nominal 3

hH Input High Current 10 pHA VL =Vpp

e Input Low Current -10 HA Vpp=5.25,V| =0

liHp Input High Current (pull-up) -10 10 HA VL =Vpp

hp Input Low Current (pull-up) -45 -12 pA Vpp =5.25,V, =0

loz Input Leakage -10 10 MA 0<V|Ny<Vce

CiN Input Capacitance 10 pF 4
Cour Output Capacitance 10 pF 4
NOTES:

1) I is specified for a standard buffer. See the pin summary for further information.
2) lpn is specified for a standard buffer. See the pin summary for further information.
3) lccis measured with VCLK and MCLK as indicated in the table below:

Part Number VCLK MCLK lcc
CL-GD5420 75 MHz 50 MHz 250 mA
CL-GD5422 80 MHz 50 MHz 260 mA

CL-GD5424/'25 80 MHz 50 MHz 260 mA

CL-GD5426/'28 80 MHz 50 MHz 260 mA
CL-GD5429 86 MHz 70 MHz 310 mA

4) This is not 100% tested, but is periodically sampled.

May 1995
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7.3 DC Specifications (Palette DAC)

(Vcc =5V £5%, Ty = 0° to 70° C, unless otherwise specified)

Symbol Parameter MIN MAX Units Test Conditions Note
Avpp DAC Supply Voltage 4.75 5.25 Volts Normal Operation
IREE DAC Reference Current -3 -10 mA 1

NOTE: See the Detailed Pin Description for information regarding nominal Iggp.

7.4 DC Specifications (Frequency Synthesizer)

(Vee =5V +£5%, Ty =0° to 70° C, unless otherwise specified)
Symbol Parameter MIN MAX Units Test Conditions Note

Avpp Synthesizer Supply Voltage 4.75 5.25 Volts

350 T — May 1995
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7.5 DAC Characteristics

(Vee =5V +5%, Tp = 0° to 70° C, unless otherwise specified)

Symbol Parameter MIN MAX Units Test Conditions Note
R Resolution 8 Max Bits

10 Output Current 30 Max mA VO <1V

TR Analog Output Rise/Fall Time 8 Max ns 2,3, 4
TS Analog Output Settling Time 15 Max ns 2,35
TSK Analog Output Skew tbd Max ns 2,3,6
DT DAC-to-DAC Correlation 2.5 Max % 6,7
Gl Glitch Impulse Typical pV-sec. 2,3,6
IL Integral Linearity 15 Max LSB

DL Differential Lineaity 15 Max LSB

NOTES:

1) TD is measured from the 50% point of VCLK to the 50% point of full-scale transition.

2) Load is 50 Q and 30 pF per analog output.

3) Irep =-6.67 mA.

4) TR is measured from 10% to 90% full-scale.

5) TS is measured from 50% of full-scale transition to the output remaining within 2% of final value.
6) Outputs loaded identically.

7) About the mid-point of the distribution of the three DACs measured at full-scale output.

Muy 1995 I —— 3 _O7
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7.6 List of Waveforms

Table/Figure Title Page
7-1 1/O Write TiMING (ISA BUS) ..eeeiiiiiiiiiie ittt 59
7-2 I/O Read TimiNg (ISA BUS) ....eiiiiiiiiiiei et 60
7-3 Memory Write TimiNg (ISA BUS) ...ccoiviiiiiiiiee et e e e e e e e s ee e e e e e e 61
7-4 Memory Read TimiNg (ISA BUS) ....cccooiiiiiiiiiiiiiie ettt e e e e e e e e e e e e eaa e 62
7-5 MCS16* TiMING (ISA BUS) .ottt 63
7-6 IOCS16* TIMING (ISA BUS) ....eeiiiiiie ettt st bee e 63
7-7 BALE TimiNg (ISA BUS) ...eeeiiiiieitiee ettt sttt bn e nee s 64
7-8 IOCHRDY for Memory Access TimiNg (ISA BUS) .....ouueeveeiiiiiiiee e 65
7-9 OWS* TiMING (ISA BUS) ceeieeeeeeiii ittt e e e ettt e e e e e e e e s e s s nnnnbanaeeeeeaaeeeeesannnnnns 65
7-10  Refresh TiMiNG (ISA BUS) ..ccuuiiiiiiiiieie ettt e e e s e s e e e e e e e e s e s snnennraaeeees 66
7-11  EROM* TiMiNG (ISA BUS) ....uviiiiitiiiiiiie ettt ettt 66
7-12  AEN TiMING (ISA BUS) ..eeeiiiiiiiiiitie ettt ettt snee e ane s 67
7-13  Write Timing (MicroChannell BUS) ........cccvoieiieiiiiieiie et 68
7-14  Read Timing (MicroChannels BUS) ........cccvcieiieieiieiieeiee ettt 69
7-15 -CD_DS16 Timing (MicroChannel” BUS) .........cccceeeeiiieieeeieeeree et eee e 70
7-16  —CMD Timing MicroChannell BUS) ........cccuvieueeiieiceeieeeereeetee et e se s eteeseeesveeseeeeneea 71
7-17 CD_CHRDY Timing (MicroChannell BUS) ...........cccveivreireeiieeeree e ceesee e eveeeee e 72
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Table 7-1. 1/OWrite Timing (ISA Bus)2

Symbol Parameter MIN MAX Units
ty Address, SBHE* setup to IOW* active 5 - ns
ty IOW* pulse width 40 - ns
t3 Data setup to IOW* inactive 5 - ns
ta Data hold from IOW* inactive 10 - ns
tg Address, SBHE* hold from IOW?* inactive 5 - ns
tg IOW* inactive to any command active 80 - ns

a AEN must be inactive.

Iow*

ADDRESS

SBHE* >< ><
DATA ><

t— - [{p— -
ty —» <
t3 tg
- > '
ty
€ )

Figure 7-1. 1/O Write Timing (ISA Bus)
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Table 7-2. 1/O Read Timing (ISA Bus)?2

Symbol Parameter MIN MAX Units
ty Address, SBHE* setup to IOR* active 5 - ns
to IOR* active to low-impedance delay 0 - ns
t3 Data delay from IOR* active (IOR* access time) - 60 ns
tq IOR* pulse width 70 - ns
tg Data hold from IOR* inactive 0 20 ns
tg Address, SBHE* hold from IOR* inactive 0 - ns
t7 IOR* inactive to high-impedance delay 0 20 ns

a AEN must be inactive.

IOR*
/
AN /
ADDRESS
SBHE* X
DATA I(
h—p - ‘ ¢
ty — (€ i
4—6>
t t;
<€ > >
Figure 7-2. 1/0 Read Timing (ISA Bus)
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Table 7-3. Memory Write Timing (ISA Bus)

Symbol Parameter MIN MAX Units
ty Address, SBHE* to SMEMW* active setup 5 - ns
to SMEMW?* pulse width 3 - ma
t3 Data valid from SMEMW* active - 3 m
ta Data hold from SMEMW?* inactive 10 - ns
tg Address, SBHE* hold from SMEMW?* inactive 0 - ns
tg SMEMW?* inactive to next SMEMW* 3 - m

a8 m = MCLK period.

SMEMW?*

ADDRESS

SBHE* ><
DATA ><

t— < y
5 —— -
3 3 -
< 2 > 6 >

Figure 7-3. Memory Write Timing (ISA Bus)
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Table 7-4. Memory Read Timing (ISA Bus)

Symbol Parameter MIN MAX Units
ty Address, SBHE* to SMEMR* active 5 - ns
ty SMEMR?* active to low-impedance delay 0 - ns
t3 Data delay from IOCHRDY active - 15 ns
ta SMEMR* pulse width - a ns
tg Data hold from SMEMR* inactive 0 20 ns
tg Address, SBHE* hold from SMEMR* inactive 0 - ns
t7 SMEMR?* inactive to high-impedance delay - 20 ns

a SMEMR* active-pulse width is determined by IOCHRDY.

IOCHRDY
SMEMR* \ \—// /
AN /|
ADDRESS >< ><
SBHE*
DATA >< >
teg—> <
t1—> -— — <—t3
ts — 3
t
| & PR - 4—7>
t
< 4 »

Figure 7-4. Memory Read Timing (ISA Bus)

-0 T — May 1995
ELECTRICAL SPECIFICATIONS PRELIMINARY DATA BOOK v7.0



CL-GD542X
VGA Graphics Controllers

i

——= CIRRUS LOCGIC

Table 7-5. MCS16* Timing (ISA Bus)

Symbol Parameter MIN MAX Units
t1a MCS16* active delay from LA[23:17] valid - 20 ns
t1p MCS16* active delay from SA[16:15] valid - 14 ns
ty MCS16* inactive delay from address invalid - 25 ns

LA[23:17]
VGA ADDRESS NON-VGA ADDRESS
SA[16:15]
MCS16*
<—- t2 —»
t1—>
Figure 7-5. MCS16* Timing (ISA Bus)
Table 7-6. 10CS16* Timing (ISA Bus)

Symbol Parameter MIN MAX Units
tq IOCS16* active delay from address - 25 ns
ty IOCS16* inactive delay from address - 30 ns

A[15:0] >< VALID I/O ADDRESS ><
IOCS16*
- U < b
Figure 7-6. 10CS16* Timing (ISA Bus)
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Table 7-7. BALETiming (ISA Bus)

Symbol Parameter MIN MAX Units
t1 LA[23:17] setup to BALE negative transition 20 - ns
ty SBHE* setup to BALE negative transition 20 - ns
t3 LA[23:17] hold from BALE negative transition 20 - ns
ta SBHE* hold from BALE negative transition 20 - ns
tg BALE pulse width 20 - ns

LA[23:17] >< ><
BALE _// \\
SBHE* ><
t
< >
t o
. — > 3 e
< 3 >
—— 4y —

Figure 7-7. BALE Timing (ISA Bus)
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Table 7-8. IOCHRDY for Memory Access Timing (ISA Bus)

——= CIRRUS LOCGIC

Symbol Parameter MIN MAX Units
t1 SMEMR* or SMEMW?* active to IOCHRDY inactive low - 28 ns
to IOCHRDY inactive low pulse width 10 a ns

2 Video mode dependent.
SMEMW* OR SMEMR* N
N /
IOCHRDY
t —»
t
Figure 7-8. IOCHRDY for Memory Access Timing (ISA Bus)
Table 7-9. OWS*Timing (ISA Bus)

Symbol Parameter MIN MAX Units
t1a OWS* active delay from SMEMR* (BIOS ACCESS) - 22 ns
t1p OWS* active delay from SMEMW?* (display memory write) - 18 ns
tha OWS* high-impedance delay from SMEMR* - 18 ns
top OWS* high-impedance delay from SMEMW* - 19 ns

SMEMR* OR SMEMW*
N\ /
AN /
ows*
ty High-Z
—————
—» t
Figure 7-9. OWS* Timing (ISA Bus)
May 1995 3-65
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Table 7-10. Refresh Timing (ISA Bus)

Symbol Parameter MIN MAX Units
ty REFRESH* active setup to SMEMR* active 20 - ns
ty REFRESH* active hold from SMEMR* active 0 - ns
REFRESH* N Vs

N /
SMEMR*
N
AN
t2 <_
—» U lag—
Figure 7-10. Refresh Timing (ISA Bus)
Table 7-11. EROM* Timing (ISA Bus)

Symbol Parameter MIN MAX Units
t EROM* active delay from SMEMR* active - 30 ns
tr EROM* inactive delay from SMEMR* inactive - 20 ns

SMEMR*
N /
/
EROM~*
t
—» B
Figure 7-11. EROM*Timing (ISA Bus)
3-66 May 1995
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Table 7-12. AENTiming (ISA Bus)2

Symbol Parameter MIN MAX Units
ty AEN setup to IOR* or IOW* active 5 - ns
ty AEN hold from IOR* or IOW* inactive 5 - ns

a AEN high, as shown below, will cause the CL-GD542X to ignore the I/O cycle.

AEN _/ ;

IOW* OR IOR*

Figure 7-12. AENTiming (ISA Bus)
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Table 7-13. Write Timing (MicroChannelt Bus)

Symbol Parameter MIN MAX Units
ty Data to —-CMD active setup -15 - ns
toa —CMD active pulse width (default cycle) 20 - ns
top —CMD active pulse width (synchronous extended cycle) 190 - ns
toe —-CMD active pulse width (asynchronous extended cycle) a a ns
t3 Data hold from -CMD inactive 0 - ns
ty CD_CHRDY active to —-CMD inactive delay 0 - ns

a8 The maximum t,. depends on display memory activity.

~CMD — S
AN /|
CD_CHRDY R
—» tl -— t4 -€—
- ty >

Figure 7-13. Write Timing (MicroChannelt Bus)
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Table 7-14. Read Timing (MicroChannelU Bus)

i

——= CIRRUS LOCGIC

Symbol Parameter MIN MAX Units
ty —CMD active to DATA valid delay (default cycle) (/O read) - 45 ns
to CD_CHRDY active to DATA valid delay (memory read cycle) - 45 ns
t3 READ DATA hold from —CMD inactive 0 - ns
tq READ DATA high-impedance from —CMD inactive - 30 ns
READ DATA 4 -

N
-CMD ﬁ /
AN /
CD_CHRDY
t2 » -f— t3 —
- ty > -
Figure 7-14. Read Timing (MicroChannel" Bus)
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Table 7-15. -CD_DS16 Timing (MicroChannelt Bus)

Symbol Parameter MIN MAX Units

0 50 ns

ty —-CD_DS16 active from address, M/-IO, MADE?24 valid

ADDRESS / ¥
M/-10 _/
MADE24
-CD_DS16 \
N\ /_
-— t] P

Figure 7-15. -CD_DS16 Timing (MicroChannell Bus)
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Table 7-16. -CMD Timing (MicroChannelU Bus)

Symbol Parameter MIN MAX Units
ty Address valid setup to -CMD active 80 - ns
to Status active setup to -CMD active 50 - ns
t3 —SBHE valid setup to -CMD active 35 - ns
tq —CMD pulse width 90 - ns
tg Address, -SBHE hold from —CMD active 25 — ns
tg Status hold from —CMD active 25 - ns

ADDRESS
MI-10 >< ><
MADE24
-S0, -S1 — Y
AN /
-SBHE
/
L /
-CMD N
AN
) ty
| = 3 t4
- 1)
S
- t3 ) ts
Figure 7-16. -CMD Timing (MicroChannelt Bus)
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Table 7-17. CD_CHRDY Timing (MicroChannelt Bus)

Symbol Parameter MIN MAX Units
ty CD_CHRDY inactive (low) from Address valid - 50 ns
to CD_CHRDY inactive (low) from Status active - 25 ns
t3 CD_CHRDY inactive (low) pulse width - 3.5 ms
ADDRESS

M/-10
REFRESH
MADE?24
-S0,-S1 ﬁ /
CD_CHRDY
N /
AN /
-, ———
- t3 '
) 1 '

Figure 7-17. CD_CHRDY Timing (MicroChannelt Bus)
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Table 7-18. -REFRESH Timing (MicroChannelt Bus)

i

——= CIRRUS LOCGIC

Symbol Parameter MIN MAX Units
t -REFRESH setup to —Status active 5 - ns
to -REFRESH setup to -CMD active 40 - ns
t3 —REFRESH hold from —CMD active 25 - ns

-REFRESH j /_
N\ /
-S0, -S1 ﬁ /
-CMD

i
-3

- t2

Figure 7-18. -Refresh Timing (MicroChannelt Bus)
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Table 7-19. -EROM Timing (MicroChannelU Bus)

Symbol Parameter MIN MAX Units
ty —CMD active to -EROM active - 30 ns
to —-CMD inactive to -EROM inactive 0 30 ns

-CMD
N\ /
N /
-EROM
-— tl -— t2

Figure 7-19. -EROM Timing (MicroChannelt Bus)

Table 7-20. -CD_SFDBK Timing (MicroChannelt Bus)

Symbol Parameter MIN MAX Units
t Address, M/-10, MADE?24 valid to —-CD_SFDBK active delay — 55 ns
tr Address, M/-10, MADE?24 invalid to -CD_SFDBK inactive delay 0 — ns

ADDRESS
M/-10 >< VALID ><

MADE24

-CD_SFDBK
N /

- t] —— -— 1 —

Figure 7-20. -CD_SFDBK Timing (MicroChannelC Bus)
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Table 7-21. -CD_SETUP Timing (MicroChannelU Bus)

Symbol Parameter MIN MAX Units
ty —CD_SETUP active setup to —-CMD active 10 - ns
to —-CD_SETUP delay to CD_CHRDY inactive - 95 ns
t3 —CMD active to —-CD_SETUP inactive hold 25 - ns

—-CD_SETUP ﬁ /_

N
-CMD
CD_CHRDY
N
AN
t
t 3
- 1
- th '
Figure 7-21. -CD_SETUP Timing (MicroChannelt Bus)
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Table 7-22. CLK1X, CLK2X Timing (Local Bus)

Symbol Parameter MIN MAX Units
ty Rise time (CLK1X) '486 (V|_- Vi) - 4 ns
t, Fall time (CLK1X) '486 (V- V) - 4 ns
ts High period (CLK1X) '486 (V|4 - Vin) 40 60 % tg
ty Low period (CLK1X) '486 (V,_-V,.) 40 60 % tg
ts Period (CLK1X) '486 25 - ns
ts Period (CLK1X) '486 (CL-GD5429) 20 - ns
ty Rise time (CLK2X) '386 (V|_- Vi) - 4 ns
t, Fall time (CLK2X) '386 (V,y - VL) - 4 ns
ts High period (CLK2X) '386 (V|4 - Vin) 40 60 % tg
ty Low period (CLK2X) 386 (V|_-V,.) 40 60 % tg
tg Period (CLK2X) '386 125 - ns

CLK1X /
CLK2X
ty t
~€ t3 > < Y >
- t5 >

Figure 7-22. CLK1X, CLK2X Timing (Local Bus)
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Table 7-23. RESET Timing (Local Bus)2
Symbol Parameter MIN MAX Units
ty CPU_RESET hold time from CLK2X 10 - ns
to CPU_RESET setup time to CLK2X 2 - ns

a Applies to '386 only. For '486, pin 46 must be tied to ground. For VESA VL-Bus, pin 46 must be tied to RDYRTN#.

®2 or @1 ®2 or d1 ®2 P1
-

8

cLk2x /]

CPU_RESET

INTERNAL CLK1X / \

Figure 7-23. RESET Timing (Local Bus)
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Table 7-24. ADS#, LBA#, BS16# Timing (Local Bus)

Symbol Parameter MIN MAX MIN - MAX Units
y '24/'26/'28 | 24126028 | 29 | 29
ty Address, Status, ADS# setup to CLK1X 8 - 4 - ns
ty LBA#/LDEV# active delay from Address, Status - 15 - 15 ns
ta BS16# active delay CLK1X - 15 - 3 ns
ta LBA# inactive delay from Address, Status - 18 - 18 ns
CLK1X
t
€ >
BE[3:0],
A[23:2],
UADDR#,
M/1O#
ADS# \
t, K
—>
LDEV#
LBA#
t
_ — 3 High-z
Bsiey __ High-Z
High-Z High-z
RDY# \
Figure 7-24. ADS#, LBA#, BS16# Timing (Local Bus)
3-78 May 1995
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Table 7-25. RDY# Delay (Local Bus)
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Symbol Parameter MIN MAX Units

ty RDY# active delay from CLK1X 3 13 ns

ty RDY# inactive delay from CLK1X - 23 ns

t3 RDY# high before High-Z - 1/2 CLK1X

t
>
CLK1X
t
RDY# High-Z ~_High-Z
t3

Figure 7-25. RDY# Delay (Local Bus)
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Table 7-26. Read Data Timing (Local Bus)

Symbol Parameter MIN MAX MIN MAX Units
y '241°26/'28 | '24/'26/'28 | '5429 '5429

tq Read data setup to RDY# active 0 - 0 - ns
t, Read data hold from RDY# inactive 12 - 12 - ns
t3 RDYRTN# setup to CLK1X 8 - 5 - ns
ty RDYRTN# hold from CLK1X 5 - 2 - ns
CLK1X

D[15:0] >< r

t
ty
RDY# High-Z High-Z
ty ty

RDYRTN#

Figure 7-26. Read Data Timing (Local Bus)
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Table 7-27. Buffer Control Timing — Read Cycle (Local Bus)
Symbol Parameter MIN MAX Units
ty OEL#, OEH# delay 0 14 ns
CLK1X mm
ADS# j /
High-Z /_\“gh'z
BS16# \
>0 > i
OEL#, OEH# /{7;
; High-
o150 >< ><

NOTE: Both OEL# and OEH# are active for read cycles.

May 1995

Figure 7-27. Buffer Control Timing — Read Cycle (Local Bus)
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Table 7-28. Buffer Control Timing —Write Cycle (Local Bus)

Symbol Parameter MIN MAX Units

t OEL#, OEH# delay

/N S S

ADS# j /
. High-Z
BS164 High-Z { /_\

tl tl
3 —»
OEL#, OEH# /{7;
/_\*

igh-z
High-Z '9

RDY#
N\

NOTE: Only one of OEL# and OEH# is active for write cycles.

Figure 7-28. Buffer Control Timing —Write Cycle (Local Bus)
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Table 7-29. Display Memory Bus — Common Parameters
Symbol Parameter MIN MAX
ty tasr: address setup to RAS* active 15ma-2 -
ns

ty tran: row address hold from RAS* active 1.5m -
ts3 tasc: address setup to CAS* active Im-1ns -
tsg tcan: column address hold from CAS* active Im -
tg trcp: RAS* active to CAS* active delay (standard RAS) 25m-2ns -
tg trep: RAS* active to CAS* active delay (extended RAS) 3m-2ns -
tg tras: RAS* pulse width low (standard RAS) 3.5m -
tg tras: RAS* pulse width low (extended RAS) 4m-2ns -
ty trp: RAS* precharge (RAS* pulse width high — standard RAS) 25m-2ns -
ty trp: RAS* precharge (RAS* pulse width high — extended RAS) 3m -
tg tcas: CAS* pulse width low Im+3ns Im+6ns
tg tcp: CAS* precharge (CAS* pulse width high) Im-6ns Im-3ns
tio trc: Random cycle (standard RAS) 6m -
tio trc: Random cycle (extended RAS) m -
t11 tpc: Page mode cycle 2m -

a m=MCLK

PRELIMINARY DATA BOOK v7.0
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——
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< tio »
- ts
RAS* \ \—
- t11 » 7 —
-« 5
-«— 3
CAS* \ \ /
4 t 5 g —p
<
VA ADRD%VI;/SS A%ODLRLIJE'\gg . COLUMN ADDRESS n +1

Figure 7-29. Display Memory Bus — Common Parameters
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Table 7-30. Display Memory Bus — Read Cycles@
Symbol Parameter MIN MAX

ty Read data setup to CAS* rising edge 0 -
ty Read data hold from CAS* high 10 ns -

ty b RAS* active to first CAS* rising edge delay (standard RAS) - dm-1ns
ta RAS* active to first CAS* rising edge delay (extended RAS) - 45m-1ns

ty © Column address valid to CAS* rising edge delay - 2m

tg d CAS* active pulse width - 1m+3ns

tg © CAS* period - 2m

a Only parameters t; and t, are defined for the device. The remaining parameters in this table are calculated from
parameters in the Table 7-29. They are provided so that system designers can determine DRAM requirements.

Q o o

Parameter t3 corresponds to DRAM parameter tgac (access time from RAS*).
Parameter t, corresponds to DRAM parameter ty5 (access time from column address).
Parameter tg corresponds to DRAM parameter tcpc (access time from CAS*).

€ Parameter tg corresponds to DRAM parameter tcap (access time from CAS* precharge).

May 1995
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CIRRUS LOGIC

~—————

MA>< ROW >< COLUMN n >< COLUMNn +1 ><

CAS*

DATANn +1

Figure 7-30. Display Memory Bus — Read Cycles
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Table 7-31. Display Memory Bus —Write Cycles

Symbol Parameter MIN MAX
ty tcwi: WE* active setup to CAS* active Ima+2ns -
ty tps: Write data setup to CAS* active Im-2ns Im+2ns
ta tpn: write data hold from CAS* active Im+1ns -
t4 twen: WE active hold from CAS* active 1.5m -
a2 m=MCLK

SN / N
CAS* \\_/_\\ /
MA>< ROW >< COLUMN n >< COLUMN n +1><

t -
MD : DATA n DATA n + 1\
AN /

.y 1o N )

WE*

Figure 7-31. Display Memory Bus —Write Cycles
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Table 7-32. CAS*-before-RAS* Refresh Timing (Display Memory Bus)&

Symbol Parameter MIN MAX
ty tcsr: CAS* active setup to RAS* activel 1mb -
ty tras: RAS* low pulse width 4m -
t3 trp: RAS* high pulse width 3m -

2 There will be either three or five RAS* pulses while CAS* remains low.
b m=MCLK

ty — ~—

N S

CAS* to B —
R i o

Figure 7-32. CAS*-before-RAS* Refresh Timing (Display Memory Bus)

Table 7-33. P-Bus as Inputs, 8-Bit Mode (DCLK input as reference)

Symbol Parameter MIN MAX Units
ty P[7:0], BLANK* setup to DCLK -1 - ns
t P[7:0], BLANK* hold from DCLK 7 - ns

NOTE: CL-GD542X RAMDAC driven externally

DCLK _/m
(Input) t,
P[7:0]
BLANK*
t1 -

Figure 7-33. P-Bus as Inputs, 8-bit Mode (External DCLK)
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Table 7-34. Feature Bus Timing, 8-Bit Mode, Outputs (DCLK output as reference)

Symbol Parameter MIN MAX Units
t DCLK to BLANK* delay -1 1 ns
ty DCLK to HSYNC, VSYNC delay 1 3 ns
t3 DCLK to P[7:0] delay -2 0 ns
tq DCLK to OVRW delay -1 1 ns

DCLK ﬁ
BLANK* /
HSYNC, //
VSYNC
P[7:0] ><
OVRW /
t; — -
t —] <«
t3 — -—
-t ty »

Figure 7-34. Feature Bus Timing, 8-Bit Mode, Outputs (Internal DCLK)
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Table 7-35. P-Bus as Outputs, 16-bit Mode (DCLK output as reference) CL-GD5425/'28/'29 only 2

Symbol Parameter MIN MAX Units
t DCLK (rising edge) to P[7:0] delay -2 0 ns
to DCLK (falling edge) to P[7:0] delay -1 1 ns

a SR7[2:1] is programmed to ‘0,1’ and GRE[0] is programmed to ‘1'.

T\

—» t

Figure 7-35. P-Bus as Outputs, 16-bit Mode (Internal DCLK) CL-GD5425/'28/'29 only

3O May 1995
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Table 7-36. P-Bus as Inputs, 16-Bit Mode, Clock Mode 1 (DCLK input as reference) @

Symbol Parameter ’2'\2/|'N26 legl ,Zhél/I,Nzg Units
t1 P[7:0] setup to DCLK (rising edge — external DCLK) -1 -1 -3 ns
ty P[7:0] hold from DCLK (rising edge — external DCLK) 5 5 7 ns
ts P[7:0] setup to DCLK (falling edge — external DCLK) -1 -1 -3 ns
ta P[7:0] hold from DCLK (rising edge — external DCLK) 5 5 7 ns

2 Clock mode 1 selected in Hidden DAC register (D5 programmed to ‘0’).
DCLK \ i i
ty t tg ty
»
P[7:0] HIGHnNn -1 LOW n HIGH n LOWn +1

Figure 7-36. P-Bus as Inputs, 16-Bit Mode, Clock Mode 1 (External DCLK)
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Table 7-37. P-Bus as Inputs, 16-Bit Mode, Clock Mode 22 (DCLK input as reference)

MIN MIN MIN .

Symbol Parameter 12426 108 125199 Units
ty P[7:0], BLANK*b setup to DCLK -1 -2 -2 ns
t P[7:0], BLANK* hold from DCLK 5 6 4 ns

2 Clock mode 2 selected in Hidden DAC register (D5 ='1").
b The first low byte of 16-bit data input must be synchronized with BLANK* or the start of overlay window, whichever is
later. The first high byte will be clocked on the next rising edge of DCLK.

DCLK _/mﬂ
P[7:0]
BLANK*
t1—> |-— t1 -—

Figure 7-37. P-Bus as Inputs, 16-Bit Mode, Clock Mode 2 (External DCLK)
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Table 7-38. P-Bus as Inputs, 16-Bit Mode (DCLK output as reference)?2

Symbol Parameter ’ZI\Q/I’N% M2|8N ,2I\£/I'N29 Units
tq P[7:0] setup to DCLK (rising edge — internal DCLK) 3 2 3 ns
ty P[7:0] hold from DCLK (rising edge — internal DCLK) 1 1 1 ns
ts P[7:0] setup to DCLK (falling edge — internal DCLK) 3 2 3 ns
ty P[7:0] hold from DCLK (rising edge — internal DCLK) 1 1 1 ns

a Clock mode 1 selected in Hidden DAC register (D5 =0).

-\ /

P[7:0] HIGHn -1 LOW n HIGH n LOWn+1

Figure 7-38. P-Bus as Inputs, 16-Bit Mode (External DCLK)
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Table 7-39. DCLK as Input

Symbol Parameter: CL-GD5420/'22/'24/'26/'28 MIN MAX Units
ty Rise time - 3 ns
to Fall time - 3 ns
t3 High period 40 60 % of tg
tq Low period 40 60 % of tg
tg Period 17 - ns

Parameter: CL-GD5425/'29

ty Rise time - 3 ns
to Fall time - 3 ns
t3 High period: Clock mode 1 45 55 % of tg
t3 High period: Clock mode 2 30 70 % of tg
tq Low period: Clock mode 1 45 55 % of tg
ty Low period: Clock mode 2 30 70 % of tg
tg Period (DCLK) 125 - ns
DCLK
t t
-€ i3 > < Y >
- t5 >

Figure 7-39. DCLK As Input
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Table 7-40. RESET Timing

Symbol Parameter MIN MAX Units
t RESET pulse width 12 - MCLK
to MDJ[31:16] setup to RESET falling edge 2 - ns
t3 MDJ[31:16] hold from RESET falling edge 25 - ns
ty RESET low to first IOW* 12 - MCLK

RESET / \
— ot -
MD[31:16]
— t3 -—
IOW*
t t
< ! > < ! j\
Figure 7-40. RESET Timing
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Table 7-41. Horizontal Period (NTSC — CL-GD5425 only)

Symbol Parameter Nominal Units
ty Horizontal period 63.56 psec.
ty HSYNC pulse width (low) 4.65 usec.

- 1 »
CSYNC
— -— t

Figure 7-41. Horizontal Period (NTSC — CL-GD5425 only)
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Table 7-42. NTSC Vertical Retrace (CL-GD5425 only)
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Symbol Parameter Nominal Units
ty Vertical blanking period 20 H-period
LAST SCANLINE FIRST SCANLINE
(Bottom Overscan) (Top Overscan)
6 PRE- 6 POST-
6 VERTICAL
| EQUALIZING | SYNC PULSES EQUALIZING |
PULSES PULSES
e TTTTTT LU rrrrig U
e
>_
)
O| |1|2|3|4|5|6|7|8|9|10|11—20
FIELD 1
. t1 >
LAST SCANLINE FIRST SCANLINE
(Bottom Overscan) (Top Overscan)
(1/2 Scanline) P
6 PRE- 6 VERTICAL 6 POST-
| EQUALIZING | SYNC PULSES | EQUALIZING |
PULSES PULSES

CSYNC

R
]

1

| 2

3 | 4 | s | 6 | 7

FIELD 2

HERN!
|

e | o

Figure 7-42. NTSC Vertical Retrace (CL-GD5425 only)

i

| 11-20 |
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Table 7-43. NTSC Vertical Blanking Detail (CL-GD5425 only)

Symbol Parameter Nominal Units
ty Equalizing pulse width (low) 2.32 usec.
ty Serrations pulse width (high) 4.65 usec.
ts Equalization to serration 1 H-period
ts First serration 1/2 H-period

-ty — >

CSYNC H |_ H
‘> ool e

Figure 7-43. NTSC Vertical Blanking Detail (CL-GD5425 only)
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Table 7-44. Horizontal Period (PAL — CL-GD5425 only)

Symbol Parameter Nominal Units
ty Horizontal period 64.00 psec.
ty HSYNC pulse width (low) 4.65 usec.

- ty »
CSYNC
—» <

Figure 7-44. Horizontal Period (PAL — CL-GD5425 only)
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Table 7-45. PAL Vertical Retrace (CL-GD5425 only)

Symbol Parameter Nominal Units
ty Vertical blanking period 25 H-period
LAST SCANLINE FIRST SCANLINE
(Bottom Overscan) (Top Overscan)
(1/2 Scanline)
| 5 EQUALIZING 5 BROAD 5 EQUALIZING
\ PULSES PULSES PULSES
s NN
Z
> 1 1 1 1 1
n
o 623 | 624 | 625 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | .. | 23
END OF ODD FIELDS —»'aq—— BEGINNING OF EVEN FIELDS
< ty >
LAST SCANLINE FIRST SCANLINE
(Bottom Overscan) (Top Overscan)
5 EQUALIZING 5 BROAD 5 EQUALIZING
| PUI?SES PULSES PULSES |
s TTTT] BRREE'
Z
>_
n
O | 310 | 311 | 312 | 313 | 314 | 315 | 316 | 317 | 318 | 319 | | 335 |

END OF EVEN FIELDS —»<««—— BEGINNING OF ODD FIELDS

Figure 7-45. PAL Vertical Retrace (CL-GD5425 only)
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8. PACKAGE DIMENSIONS

30.95 (1.219)
31.45 (1.238)

Y

A

_ 27.90 (1.098) o
- 28.10 (1.106) o
A
I A

o —— A

o — — ———

— ———

o — — O ———

o — — ———

[ —

[ ——

== - 27.90 (1.098)

— === 28.10 (1.106)

o — — ———

o — — ———

o — — ———
30.95(1.219) CL-GD542X 0 5535
31.45(1.238) ©= 0 (0.998)

[ —— 160-Pin PQFP ——— REF

[ ——

[ ——

0.65 o T

(0.0256) ] E—

BSC i — — - —
v =

o — — ———

— O ———

o — — ———

[ ‘ Pin 1 Indicator E—

[ ——

Y
Y

: ; (0.125) 1.60 (0.063) REF

NOTES:
1) Dimensions are in millimeters (inches), and controlling dimension is millimeter.
2) Drawing above does not reflect exact package pin count.

3) Before beginning any new design with this device, please contact Cirrus Logic for the latest package informa-
tion..
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ORDERING INFORMATION EXAMPLES

9.
CL — GD542X*-80 QC-A
Cirrus Logic Inc. J T— Revision *
Graphics, Display Temperature Range:
C = Commercial

Part Number
— Package Type:

Q = Plastic Quad Flat Pack

Data Rate: —
80 MHz Maximum Video Clock

T Contact Cirrus Logic Inc. for up-to-date information on revisions.
* 12X’ represents CL-GD5420/'22/'24/'26/'28/'29, respectively.

CL—-GD5425-TVQC -A
T_ Revision T

Cirrus Logic Inc. J
Graphics, Display Temperature Range:
C = Commercial
Part Number
—  Package Type:
Q = Plastic Quad Flat Pack

TV Output Device —

T Contact Cirrus Logic Inc. for up-to-date information on revisions.

I —
ORDERING INFORMATION EXAMPLES
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Direct Sales Offices

Domestic

N. CALIFORNIA
Fremont

TEL: 510/623-8300
FAX: 510/252-6020

Sacramento
TEL: 916/933-4200
FAX: 916/933-4211

S. CALIFORNIA
Tustin

TEL: 714/573-9911
FAX: 714/573-4665

Thousand Oaks
TEL: 805/371-5381
FAX: 805/371-5382

NORTHWESTERN AREA
Portland, OR

TEL: 503/620-5547

FAX: 503/624-5665

ROCKY MOUNTAIN
AREA

Denver, CO

TEL: 303/786-9696
FAX: 303/786-9695

SOUTH CENTRAL
AREA

Austin, TX

TEL: 512/255-0080
FAX: 512/255-0733

Dallas, TX
TEL: 214/252-6698
FAX: 214/252-5681

Houston, TX
TEL: 713/379-5772
FAX: 713/379-4341

CENTRAL AREA
Chicago, IL

TEL: 708/981-6950
FAX: 708/981-6846

NORTHEASTERN
AREA

Andover, MA

TEL: 508/474-9300
FAX: 508/474-9149

Boston, MA
TEL: 617/721-1439
FAX: 617/721-4509

Iselin, NJ
TEL: 908/632-2771
FAX: 908/632-2914

CL-GD542X

Preliminary Data Book v7.0

Philadelphia, PA
TEL: 215/625-0781
FAX: 215/625-0731

SOUTHEASTERN
AREA

Atlanta, GA

TEL: 404/623-4653
FAX: 404/497-0414

Boca Raton, FL
TEL: 407/241-5777
FAX: 407/241-7990

Raleigh, NC
TEL: 919/481-9610
FAX: 919/481-9640

International

GERMANY
Herrsching
TEL: 49/8152-40084
FAX: 49/8152-40077

FRANCE

Rosny sous bois
TEL: 33/1-48-122812
FAX: 33/1-48-122810

HONG KONG
Tsimshatsui

TEL: 852/376-0801
FAX: 852/375-1202

JAPAN

Tokyo

TEL: 81/3-3340-9111
FAX: 81/3-3340-9120

KOREA

Seoul

TEL: 82/2-565-8561
FAX: 82/2-565-8565

SINGAPORE
TEL: 65/353-2122
FAX: 65/353-2166

TAIWAN

Taipei

TEL: 886/2-718-4533
FAX: 886/2-718-4526

UNITED KINGDOM

Hertfordshire, England
TEL: 44/1727-872424
FAX: 44/1727-875919

The Company

Headquartered in Fremont, California, Cirrus Logic Inc. develops innovative architectures for analog and digital
system functions. The Company implements those architectures in proprietary integrated circuits and related
software for applications that include user interface and multimedia (graphics, audio, and video), mass storage,
communications, and data acquisition.

Key markets for Cirrus Logic’s products include desktop and portable computing, workstations,
telecommunications, and consumer electronics.

The Cirrus Logic formula combines innovative architectures in silicon with system design expertise. We deliver
complete solutions — chips, software, evaluation boards, and manufacturing kits — on-time, to help you win in the
marketplace.

Cirrus Logic’s manufacturing strategy, unique in the semiconductor industry, employs a full manufacturing
infrastructure to ensure maximum product quality, availability, and value for our customers.

Talk to our systems and applications specialists; see how you can benefit from a new kind of semiconductor
company.

O Copyright, Cirrus Logic Inc., 1994. All rights reserved.

Preliminary product information describes products that are in production, but for which full characterization data is not yet available. Cirrus Logic Inc.
has made best efforts to ensure that the information contained in this document is accurate and reliable. However, the information is subject to change
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4, EXTERNAL AND GENERAL REGISTERS

The External and General registers in the CL-GD542X are summarized in Table 4-1.

Table 4-1. External and General Registers Quick Reference

Abbreviation Register Name Index Port Page
102 Access POS 94: 102 Access Control - 94 4-3
POS102 POS102 - 102 4-4
VSSM Motherboard Sleep - 3C3 4-5
(CL-GD5424/25/'26/'28 only)
VSSM Adapter Sleep - 46E8 4-6
MISC Miscellaneous Output - 3C2 (write) 4-7
MISC Miscellaneous Output - 3CC (read) 4-7
FC Feature Control - 3?A (write) 4-9
FC Feature Control - 3CA (read) 4-9
FEAT Input Status Register 0 - 3C2 4-10
STAT Input Status Register 1 - 3?A 4-11
3C6 Pixel Mask - 3C6 4-12
3C7 Pixel Address (Read mode) - 3C7 (write) 4-13
3C7 DAC State - 3C7 (read) 4-14
3C8 Pixel Address (Write mode) - 3C8 4-15
3C9 Pixel Data - 3C9 4-16

NOTE: *?" in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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4.1

POS 94: 102 Access Control Register (Write only)

I/0 Port Address: 94

Index: —

Bit

OFRLNWRAUUITO N

Description Reset State
Reserved

Reserved

POS 102 Access 1
Reserved

Reserved

Reserved

Reserved

Reserved

This register contains the enable bit for POS102. This register is accessible only when the
CL-GD542X is configured for 3C3 sleep and for the ISA or local bus. This register is not read-
able. When the CL-GD542X is configured for local bus, it responds to writes to the register
by latching the data, but does not generate LBA# or LRDY#.

Bit Description

7:6 Reserved

5 POS102 Access: This bit controls access to POS102 if the CL-GD542X is
configured for 3C3 sleep and is configured for the ISA bus or local bus. If this
bit is programmed to ‘0’, POS102 is accessible; if it is programmed to ‘1’
POS102 is not accessible.
In addition, if this bit is programmed to ‘0’, the Video Subsystem Enable in 3C3
is overridden, and the CL-GD542X remains asleep.

4:0 Reserved

Copyright 1995 — Cirrus Logic Inc. 4-3 September 1997
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4.2 POS102: POS102 Register

I/0 Port Address: 102
Index: —

Bit Description
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved

OFRLNWRAUUITO N

Video Subsystem Enable

True Color Family Technical Reference Manual

Reset State

This register contains a Video Subsystem Enable bit. This register is accessible when the
CL-GD542X is configured for a MicroChannel host and if -CD_SETUP was active when -

ADL went active.

Bus Configuration Sleep Address Register Accessibility
ISA, local 46E8 46E8[4]=1
Local 3cs3 3C3[4]=1
MicroChannel Any —CD_SETUP pin low
Bit Description
71 Reserved
0 Video Subsystem Enable: If this bit is programmed to a ‘1’, the CL-GD542X

is enabled and operates normally (if the VSE bit in 46E8 or 3C3 is also ‘1"). If
this bit is programmed to ‘0’, the CL-GD5420/°22 is disabled. It does not
respond to any accesses except setup accesses to I/O Address 102. If this bit
is programmed to ‘0’, the CL-GD5424/°25/'26/'28 is disabled. It does not
respond to any accesses except setup accesses to I/0 Address 102 or 3C3.

September 1997
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4.3 VSSM: Sleep Address Register (CL-GD5424/'25/'26/'28/'29 only)

I/0 Port Address: 3C3
Index: —

Bit Description

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Video Subsystem Enable

OFRLNWRAUUITO N

EXTERNAL AND GENERAL REGISTERS

Reset State

This is the Video Subsystem enable at 3C3h. This register is accessible under the following

circumstances:

Device Bus Type CF3

CL-GD5420/'22 Never use 3C3 sleep -
CL-GD5424/25 Not MicroChannel CF3=0
CL-GD5424/25 MicroChannel CF3=1
CL-GD5429 Any bus CF3=0

Bit Description

71 Reserved

0 Video Subsystem Enable: If the CL-GD542X is not configured for 3C3 sleep,

this bit cannot be accessed. If the CL-GD542X is configured for 3C3 sleep,
this bit has the following definition:

If this bit is programmed to ‘1’, the CL-GD542X is enabled and operates nor-
mally. If this bit is programmed to ‘0’, the CL-GD542X is disabled. It does not
respond to any I/O access except those addressed to 3C3. It does not
respond to any accesses to display memory, but responds normally to BIOS
accesses. If a CL-GD542X is disabled, the video enable is unaffected and
screen refresh continues if enabled.

Copyright 1995 — Cirrus Logic Inc.
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4.4 VSSM: Adapter Sleep Address Register (Write only)

I/0 Port Address: 46E8

Index: —

Bit

OFRLNWRAUUITO N

Description Reset State
Reserved

Reserved

Reserved

Setup

Video Subsystem Enable
Reserved

Reserved

Reserved

(e Ne)

This is the Sleep Address for an adapter VGA. This register can be accessed only if the
CL-GD542X is configured for 46E8 Sleep Address. The CL-GD5422 is always configured
for 46E8 sleep. The CL-GD5420 can be configured for 46E8 or 46E9 sleep according to CF3
(see Appendix B9). The CL-GD5424/'25 are configured for 46E8 Sleep Address if CF[3] = 1.
This register is write only.

Bit

Description

75

Reserved

4

Setup: If this bit is programmed to ‘1’, the CL-GD542X is in Setup mode. In
Setup mode, the register at I/O Address 102 is accessible, and the register at
46ES8 is accessible. The device responds normally to accesses to BIOS, but
does not respond to accesses to display memory. If this bit is programmed to
‘0’, the device is not in Setup mode and operates normally.

Video Subsystem Enable: If the CL-GD542X is not configured for 46E8
Sleep Address, this bit cannot be accessed. If the CL-GD542X is configured
for 46E8 Sleep Address, this bit has the following meaning:

If this bit is programmed to ‘1’, the CL-GD542X is enabled and operates nor-
mally. If this bit is programmed to ‘0’, the CL-GD542X is disabled; it does not
respond to any I/O accesses except those addressed to 46E8 and 102. It does
not respond to any accesses to display memory, but responds normally to
BIOS accesses. The video enable is unaffected.

2:0

Reserved

September 1997
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4.5

MISC: Miscellaneous Output Register

I/O Port Address: 3C2 (write) 3CC (read)

Index: —

Bit

OFRLNWRAUUITO N

Description

Vertical Sync Polarity
Horizontal Sync Polarity
Page Select

Reserved

Clock Select [1]

Clock Select [0]

Enable Display Memory
CRTC I/O Address

This is one of the standard VGA registers with an assortment of bits that have nothing in

common.

Bit

Description

7

Vertical Sync Polarity: If this bit is programmed to ‘0’, the Vertical Sync is
normally a low signal, going high to indicate the beginning of sync time. If this
bit is programmed to ‘1", the Vertical Sync is normally a high signal, going low
to indicate the beginning of sync time. See the description of GRE in Chapter
9, “Extension Registers” for information regarding static Sync outputs.

Horizontal Sync Polarity: If this bit is programmed to ‘0’, the Horizontal Sync
is normally a low signal, going high to indicate the beginning of sync time. If
this bit is programmed to ‘1’, the Vertical Sync is normally a high signal, going
low to indicate the beginning of sync time. See the description of GRE in
Chapter 9, “Extension Registers” for information regarding static Sync outputs.

For some monitors, the polarity of Vertical and Horizontal Sync indicate the
number of scanlines per frame. The following table summarizes this:

MISC[7] MISCI6] Vertical Size
0(+) 0(+) Reserved
0 (+) 1(-) 400
1(-) 0(+) 350
1(-) 1(-) 480

Copyright 1995 — Cirrus Logic Inc. 4-7 September 1997
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4.5 MISC: Miscellaneous Output Register (cont.)

Bit

Description

5

Page Select: This bit affects the meaning of the LSB of display memory
address when in Even/Odd modes (SR4[2] = 1). If this bit is programmed to ‘0’,
only odd memory locations are selected. If this bit is programmed to ‘1’, only
even memory locations are selected.

NOTE: This bit is effective in modes 6, D, E, 11, and 12. This bit is ignored if Chain
(GR6[1]) or Chain4 (SR4[3]) are enabled.

Reserved

Clock Select: This two-bit field is used to choose among the four VCLK fre-
guencies, as shown in the following table:

EDCLK | MISC[3] | MISC[2?] VCLK Source Default Frequency

1 0 0 VCLKO 25.180 MHz

VCLK1 28.325 MHz

VCLK2 41.165 MHz

VCLK3 36.082 MHz

DCLK pin (DAC and
CRTC Counters)

DCLK pin (DAC only)

NOTE: Refer to Appendix B8, “Clock Options”, for programming additional VCLK fre-
guencies.

Enable Display Memory: If this bit is programmed to ‘0’, the CL-GD542X
does not respond to any accesses to display memory. If this bit is programmed
to ‘'1’, the CL-GD542X responds normally to accesses to display memory.

CRTC I/O Address: This bit selects 1/0O addresses for either Monochrome or
Color mode. The affected addresses are summarized in the table below:

MISC[O]

ISR/FC

CRTC Index

CRTC Data

Mode

0

3BA

3B4

3B5

Monochrome

1

3DA

3D4

3D5

Color

September 1997

4-8

Copyright 1995 — Cirrus Logic Inc.




True Color Family Technical Reference Manual EXTERNAL AND GENERAL REGISTERS

4.6 FC: Feature Control Register

I/O Port Address: 3?A (Write) 3CA (Read)
Index: —

Bit Description Reset State
Reserved

Reserved

Reserved

Reserved

VSYNC Control 0
Reserved

Reserved

Reserved

OFRLNWRAUUITO N

This is one of the original IBM PC registers.

Bit Description
74 Reserved
3 VSYNC Control: If this bit is programmed to ‘1’, VSYNC is logically OR’ed

with Display Enable (an internal signal) prior to going to the VSYNC pin.
If this bit is programmed to ‘0’, VSYNC is unchanged.

2:0 Reserved

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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4.7 FEAT: Input Status Register O

I/0 Port Address: 3C2
Index: —

Bit Description
Interrupt Pending
Reserved
Reserved

DAC Sensing
Reserved
Reserved
Reserved
Reserved

OFRLNWRAUUITO N

The bits in this read-only register are mostly undefined.

Bit Description

7 Interrupt Pending: If this bit is ‘1’, an interrupt request is pending. If this bit is
‘0’, no interrupt is pending. See the description of CR11 for more information
regarding the CL-GD542X interrupt system.

5 Reserved
4 DAC Sensing: This bit is used for DAC sensing.
3:0 Reserved
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4.8

STAT: Input Status Register 1

I/0 Port Address: 3?A

Index: —

Bit

OFRLNWRAUUITO N

Description
Reserved
Reserved
Diagnostic [1]
Diagnostic [0]
Vertical Retrace
Reserved
Reserved
Display Enable

This read-only register contains some status bits.

Bit Description
7.6 Reserved
5:4 Diagnostic [1:0]: These bits follow two of eight outputs of the Attribute Con-
troller. The selection is made according to AR12[5:4] (Color Plane Enable reg-
ister) as indicated in the following table:
AR12[5] AR12[4] STAT[5] STAT[4]
0 0 P[2] P[O]
0 1 P[5] P4]
1 0 P[3] P[1]
1 1 P[7] Pl6]
For the CL-GD5424/'25/'26/'28/'29 only, these bits can reflect the Input Data
on P[7:0]. This occurs only if P[7:0] are inputs as set by CR1A[3:2]. Refer to
Application Note B14, Video Overlay and DAC Mode Switching.
3 Vertical Retrace: A ‘1’ indicates that vertical retrace is in progress.
2:1 Reserved
0 Display Enable: If this bit is read as ‘0’, video is being serialized and dis-

played. If this bit is read as ‘1’, vertical or horizontal blanking is active.
When the CL-GD5425 is in an interlaced TV-out mode (CR30[3] = ‘1), it gen-
erates a 2x rate signal that simulates a 32 kHz HSYNC.

NOTE: “?" in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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4.9 Pixel Mask Register

I/0 Port Address: 3C6
Index: —

Bit Description

Pixel Mask [7]
Pixel Mask [6]
Pixel Mask [5]
Pixel Mask [4]
Pixel Mask [3]
Pixel Mask [2]
Pixel Mask [1]
Pixel Mask [0]

OFRLNWRAUUITO N

The bits in this read register form the Pixel Mask for the palette DAC. This is typically pro-
grammed to all ones by the Cirrus Logic BIOS. The same address is used to access the
Hidden DAC register described in Chapter 9, “Extension Registers”.

Bit Description

7:0 Pixel Mask [7:0]: This field is the Pixel Mask for the palette DAC. If a bit in this
field is programmed to ‘0’, the corresponding bit in the pixel data is ignored in
looking up an entry in the LUT.
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4.10 Pixel Address Register (Read Mode — Write only)

I/0 Port Address: 3C7
Index: —

Bit Description

Pixel Address (Read Mode) [7]
Pixel Address (Read Mode) [6]
Pixel Address (Read Mode) [5]
Pixel Address (Read Mode) [4]
Pixel Address (Read Mode) [3]
Pixel Address (Read Mode) [2]
Pixel Address (Read Mode) [1]
Pixel Address (Read Mode) [0]

OFRLNWRAUUITO N

The bits in this write-only register form the Pixel Address (Read mode) for the palette DAC.
This is used to specify the entry in the LUT to be read.

Bit Description

7:0 Pixel Address (Read Mode) [7:0]: This field is the Pixel Address (Read
mode) for the Video LUT. This address is incremented at the conclusion of
every third read of the Pixel Data register.
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411 DAC State Register (Read only)

I/0 Port Address: 3C7
Index: —

Bit Description
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
DAC State [1]
DAC State [0]

OFRLNWRAUUITO N

The bits in this read-only register indicate whether a read or write to the LUT occurred last.

Bit Description
7:2 Reserved
1:0 DAC State [1:0]: This field indicates whether the Pixel Address Read register

or the Pixel Address Write register was accessed last. The two bits are always
the same. If they are ‘0,0’, a write operation is in progress. If they are ‘1,1’, a
read operation is in progress.
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4.12 Pixel Address Register (Write Mode)

I/0 Port Address: 3C8
Index: —

Bit Description

Pixel Address (Write Mode) [7]
Pixel Address (Write Mode) [6]
Pixel Address (Write Mode) [5]
Pixel Address (Write Mode) [4]
Pixel Address (Write Mode) [3]
Pixel Address (Write Mode) [2]
Pixel Address (Write Mode) [1]
Pixel Address (Write Mode) [0]

OFRLNWRAUUITO N

The bits in this registers form the Pixel Address (Write mode) for the palette DAC. This is
used to specify the entry in the LUT that is to be written.

Bit Description

7:0 Pixel Address (Write Mode) [7:0]: This field is the Pixel Address (Write
mode) for the Video LUT. This address is incremented at the conclusion of
every third write to the Pixel Data register.
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4.13 Pixel Data Register

I/0 Port Address: 3C9
Index: —

Bit Description

Pixel Data [7]
Pixel Data [6]
Pixel Data [5]
Pixel Data [4]
Pixel Data [3]
Pixel Data [2]
Pixel Data [1]
Pixel Data [0]
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This is the Pixel Data for the palette DAC.

Bit Description

7:0 Pixel Data [7:0]: This field is the Pixel Data for the palette DAC. This is a read/

write register. Prior to writing to this register, 3C8 is written with the first or only
pixel address. Then three values, corresponding to the Red, Green, and Blue
values for the pixel, are written to this address. Following the third write, the
values are actually transferred to the LUT and the Pixel Address is incre-
mented in case new values for the next pixel address are to be written.
Prior to reading from this register, 3C7 is written with the first or only pixel
address. Then three values, corresponding to the Red, Green, and Blue val-
ues for the pixel, can be read from this address. Following the third read, the
Pixel Address is incremented in case the value for the next pixel address are
to be read.
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5. VGA SEQUENCER REGISTERS

The CL-GD542X VGA Sequencer registers are summarized in the following table. Please
note that there are Extension registers that are accessed using the VGA Sequencer Ports.

Table 5-1. VGA Sequencer Registers Quick Reference

Abbreviation Register Name Index Port Page
SRX Sequencer Index - 3C4 5-3
SRO Reset 0 3C5 5-4
SR1 Clocking Mode 1 3C5 5-5
SR2 Plane Mask 2 3C5 5-7
SR3 Character Map Select 3 3C5 5-8
SR4 Memory Mode 4 3C5 5-10
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5.1 SRX: Sequencer Index Register

I/0 Port Address: 3C4
Index: —

Bit Description
Reserved

Reserved

Reserved
Sequencer Index [4]
Sequencer Index [3]
Sequencer Index [2]
Sequencer Index [1]
Sequencer Index [0]

OFRLNWRAUUITO N

This register is used to specify the register in the sequencer block to be accessed by the
next I/O Read or Write to Address 3C5. Indices greater than five point to registers that are
defined in Chapter 9, “Extension Registers”.

Bit Description
75 Reserved
4:0 Sequencer Index [4:0]: This field selects the register to be accessed with the

next I/O Read or 1/O Write to 3C5.
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5.2 SRO: Reset Register

I/0 Port Address: 3C5
Index: O

Bit Description Reset State
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Synchronous Reset
Asynchronous Reset 1

OFRLNWRAUUITO N
=

This register is used to reset the Sequencer. These bits are for compatibility only and need
never be used in the CL-GD542X.

Bit Description
7:2 Reserved
1 Synchronous Reset: If this bit is programmed to ‘0’, the sequencer is cleared

and halted. This disables screen refresh and display memory refresh. If this bit
is programmed to ‘1’, the sequencer operates normally (if SRO[0] is ‘1").

0 Asynchronous Reset: If this bit is programmed to ‘0’, the sequencer is
cleared and halted. In addition, SR3 is cleared. If this bit is programmed to ‘1’,
the sequencer operates normally (if SRO[1] is a ‘1").
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5.3 SR1: Clocking Mode Register

I/0 Port Address: 3C5
Index: 1

Bit Description

Reserved
Reserved

Reserved

OFRL,NWkAUUITO N

Full Bandwidth
Shift and Load 32
Dot Clock + 2
Shift and Load 16

8/9 Dot Clock

VGA SEQUENCER REGISTERS

This register is used to control some miscellaneous functions in the Sequencer.

Bit Description
7.6 Reserved
5 Full Bandwidth: If this bit is programmed to ‘1’, screen refresh stops. This

allows the CPU to use nearly 100% of the display memory bandwidth. HSYNC
and VSYNC continue normally and display memory refresh continues.
BLANK* goes and stays active (the DAC outputs are zero). If this bit is pro-
grammed to ‘0’, the CL-GD542X operates normally.

4 Shift and Load 32: This bit, in conjunction with bit 2 of this register, controls
the Display Data Shifters in the Graphics Controller according to the following
table:

SR1[4] SR1[2] Data Shifters Loaded
0 0 Every character clock
0 1 Every 2nd character clock
1 X Every 4th character clock
3 Dot Clock = 2: If this bit is programmed to ‘1’, the VCLK is divided by two to

generate DCLK. This is used for low-resolution Video modes such as 0, 1, 4,
5, and D. If this bit is programmed to ‘0’, the Master Clock is not divided by two.
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5.3 SR1: Clocking Mode Register (cont.)

Bit Description

2 Shift and Load 16: See the description of bit 4 of this register.

1 Reserved

0 8/9 Dot Clock: If this bit is programmed to ‘1’, DCLK is divided by eight to gen-

erate the character clock. If this bit is programmed to ‘0’, DCLK is divided by
nine to generate the character clock. This is used for 720 x 350 and 720 x 400
resolution Text modes.
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5.4 SR2: Plane Mask Register

I/0 Port Address: 3C5
Index: 2

Bit Description

Enable Writing Pixel 7

Enable Writing Pixel 6

Enable Writing Pixel 5

Enable Writing Pixel 4

Map 3 Enable/Enable Writing Pixel 3
Map 2 Enable/Enable Writing Pixel 2
Map 1 Enable/Enable Writing Pixel 1
Map 0 Enable/Enable Writing Pixel 0

OFRLNWRAUUITO N

This register is used to enable or disable writing to the four planes of display memory. If
Extended Write modes 4 or 5 are selected, or if Write mode 1 is selected and GRBJ[1] =1,
this register is redefined as controlling the writing of up to eight pixels.

Bit Description

7:4 Reserved: These four bits are reserved if Extended Write modes 4 and 5 are
disabled. This would be the case for VGA compatibility modes.

3.0 Map Enable [3:0]: These four bits are used to individually control whether bit
planes 3:0 are written with Write modes 0 through 3.

7.0 Enable Writing Pixel [7:0]: These eight bits are used to individually control
whether pixels 7:0 are written if Extended Write modes 4 or 5 are selected, or
if Write mode 1 is selected and GRBJ[2] = 1. Programming with ‘1’ enables the
corresponding pixel.
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5.5 SR3: Character Map Select Register

I/0 Port Address: 3C5
Index: 3

Bit Description

Reserved

Reserved

Secondary Map Select [0]
Primary Map Select [0]
Secondary Map Select [2]
Secondary Map Select [1]
Primary Map Select [2]
Primary Map Select [1]

OFRLNWRAUUITO N

This register is used to specify the primary and secondary character sets (fonts). This is
applicable to Text modes only.

Bit Description

7.6 Reserved

5, 3:2 Secondary Map Select: These three bits select the Secondary Character

Map according to the following table:
SR3[5] SR3[3] SR3[2] Map Offset

0 0 0 0 0K
0 0 1 1 16K
0 1 0 2 32K
0 1 1 3 48K
1 0 0 4 8K
1 0 1 5 24K
1 1 0 6 40K
1 1 1 7 56K
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5.5

VGA SEQUENCER REGISTERS

SR3: Character Map Select Register (cont.)

Bit Description

4,1:0 Primary Map Select: These three bits select the Primary Character Map
according to the following table:

SR3[4] SR3[1] SR3[0] Map Offset
0 0 0 0 OK
0 0 1 1 16K
0 1 0 2 32K
0 1 1 3 48K
1 0 0 4 8K
1 0 1 5 24K
1 1 0 6 40K
1 1 1 7 56K

NOTES:

1) In Text Video modes, the ASCII text character is stored in Plane 0, the attribute is
stored in Plane 1, and the font is stored in Plane 2.

2) Bit 3 of the Attribute byte normally controls the intensity of the foreground color. This
bit may be redefined to be a switch between character sets, allowing 512 displayable
characters. This switch is enabled whenever there is a difference between the values
of the Primary Map Select and Secondary Map Select, and SR4[1] is ‘1'.

3) The format of the Plane 2 Font Address bits 15:0 is:

FO F1 F2 C7 C6 C5 C4 C3 C2 C1 CO R4 R3 R2 R1 RO

where F[2:0] is the Character Map Select, C[7:0] is the ASCII character, and R[4:0] is
the Character Row (scanline in the character cell).
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5.6 SR4: Memory Mode Register

I/0 Port Address: 3C5

Index: 4

Bit

OFRLNWRAUUITO N

Description
Reserved
Reserved
Reserved
Reserved

Chain-4

Odd/Even
Extended Memory
Reserved

This register is used to control some miscellaneous functions in the Sequencer.

Bit

Description

74

Reserved

3

Chain-4: If this bit is programmed to ‘1’, AO provides Plane Select bit 0, and
Al provides Plane Select bit 1. This has an effect similar to Odd/Even mode,
except that both A1 and AO are used. This bit takes priority over SR4[2] (Odd/
Even) and GR5[4]. There is not a separate bit in the Graphics Controller to
select Chain-4 Addressing, as is the case with the Odd/Even bit. The Graphics
Controller Read Map register (GR4) is ignored when this bit is ‘1’

Odd/Even: If this bit is programmed to ‘0’, the sequencer is put into Odd/Even
mode. Even CPU addresses access Planes 0 and 2; odd CPU addresses
access Planes 1 and 3. This bit must be programmed to ‘0’ for text modes. The
value of this bit must track GR5[4] (Odd/Even). The values are opposite.

Extended Memory: If this bit is programmed to ‘0", the effective memory size
is 64K, regardless of the memory actually installed. EGA modes require this to
be the case. If this bit is programmed to ‘1’, the effective memory size is equal
to the actual memory installed.

Reserved
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6. CRT CONTROLLER REGISTERS

True Color Family Technical Reference Manual

The CL-GD542X VGA CRT Controller registers are summarized in the following table.
Please note that there are Extension registers that are accessed using the VGA CRT Con-

troller Ports.

While reading this chapter, refer to Figure 6-1 and Table 6-2 for a summary of CRTC regis-

ters.

Table 6-1. CRT Controller Registers Quick Reference

Abbreviation Register Name Index | Port | Page
CRX CRTC Index - 37242 6-3
CRO Horizontal Total 0 375 6-4
CR1 Horizontal Display End 1 3?75 6-7
CR2 Horizontal Blanking Start 2 375 6-8
CR3 Horizontal Blanking End 3 3?75 6-9
CR4 Horizontal Sync Start 4 375 6-11
CR5 Horizontal Sync End 5 3?5 6-12
CR6 Vertical Total 6 375 6-14
CR7 Overflow 7 3?75 6-15
CR8 Screen A Preset Row Scan 8 3?5 6-16
CR9 Character Cell Height 9 3?75 6-17
CRA Text Cursor Start A 3?5 6-18
CRB Text Cursor End B 3?5 6-19
CRC Screen Start Address High C 375 6-20
CRD Screen Start Address Low D 3?5 6-21
CRE Text Cursor Location High E 375 6-22
CRF Text Cursor Location Low F 3?5 6-23
CR10 Vertical Sync Start 10 3?5 6-24
CR11 Vertical Sync End 11 3?5 6-25
CR12 Vertical Display End 12 3?75 6-26
CR13 Offset 13 3?5 6-27
CR14 Underline Row Scanline 14 3?75 6-28
CR15 Vertical Blanking Start 15 3?75 6-29
CR16 Vertical Blanking End 16 3?75 6-30
CR17 Mode Control 17 3?5 6-31
CR18 Line Compare 18 3?75 6-33
CR22 Graphics Data Latches Readback 22 3?5 6-34
CR24 Attribute Controller Toggle Readback 24 3?5 6-35
CR26 Attribute Controller Index Readback 26 3?5 6-36

a. ‘?'in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.1 CRX: CRTC Index Register

I/0 Port Address: 3?4
Index: —

o8]
=

Description
Reserved
Reserved
CRTC Index [5]
CRTC Index [4]
CRTC Index [3]
CRTC Index [2]
CRTC Index [1]
CRTC Index [0]

OFrRLrNWk~MUUITO N

This register is used to specify the register in the CRTC Controller block to be accessed by
the next I/0 Read or I/0O Write to Address 3?5. The registers at indices 19, 1A, 1B, 25, and
27 are described in Chapter 9, “Extension Registers”.

Bit Description
7:6 Reserved
5:0 CRTC Index [5:0]: This value points to the register to be accessed in the next

I/0 Read or 1/0O Write to address 3?5. NOTE: Registers above 18 were never
documented by IBM.

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.2 CRO: Horizontal Total Register

I/0 Port Address: 3?5
Index: O

o8]
=

Description

Horizontal Total [7]
Horizontal Total [6]
Horizontal Total [5]
Horizontal Total [4]
Horizontal Total [3]
Horizontal Total [2]
Horizontal Total [1]
Horizontal Total [0]
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This register is used to specify the total number of character clocks per horizontal period.

Bit Description

7.0 Horizontal Total: This eight-bit field specifies the total number of character
clocks per horizontal period. The Character Clock (derived from the VCLK
according to the character width) is counted in the Character Counter. The
value of the Character Counter is compared with the value in this register to
provide the basic horizontal timing. All horizontal and vertical timing is eventu-
ally derived from the register. The value in the register is ‘“Total number of char-
acter times minus five'.

Figure 6-1 indicates the way the horizontal and vertical timing is defined. The
horizontal timing is calculated in terms of character clock periods and the ver-
tical timing is calculated in terms of horizontal periods. Table 6-2 indicates how
the various timing registers are extended.

NOTE: *?"in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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CRO (H TOTAL)

CRT CONTROLLER REGISTERS

CR3 (H BLANKING END)

CR5 (H RETRACE END)

CR4 (H RETRACE START)

CR2 (H BLANKING START)

CR1 (H DISPLAY END)

AAAAAA

ACTIVE DISPLAY SCREEN

BOTTOM BORDER

DISPLAY BLANKED

VERTICAL RETRACE (SYNC)

DISPLAY BLANKED

TOP BORDER

A - CR6 (V TOTAL)
B - CR16 (V BLANKING END)
C - CR11 (V RETRACE END)

D - CR10 (V RETRACE START)
E - CR15 (V BLANKING START)

F - CR12 (V DISPLAY END)
G - RIGHT BORDER
H - DISPLAY BLANKED

| - HORIZONTAL RETRACE (SYNC)

J - DISPLAY BLANKED
K - LEFT BORDER

Figure 6-1. CRTC Timing Registers
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The Extension and Overflow bits are organized by parameter and bit position as outlined in

Table 6-2.
Table 6-2. Summary of CRTC Timing Registers?
Parameter/Bit 9 8 7 6 5 4:0

H Total CRO[7] CRO[6] CRO[5] CRO[4:0]
H Display End CR1[7] CR1[6] CR1[5] CR1[4:0]
H Blank Start CR2[7] CR2[6] CR2[5] CR2[4:0]
H Blank End CR1A[5] | CR1A[4] | CR5[7] CR3[4:0]
H Sync Start CRA4[7] CRA4[6] CR4[5] CR4[4:0]
H Sync End CR5[4:0]
V Total CR7[5] CR7[0] CR6[7] CR6[6] CR6[5] CR6[4:0]
V Sync Start CR7[7] CR7[2] CR10[7] CR10[6] CR10[5] | CR10[4:0]
V Sync End CR11[3:0]
V Display End CR7[6] CR7[1] CR12[7] CR12[6] CR12[5] | CR12[4:0]
V Blank Start CR9[5] CR7[3] CR15[7] CR15[6] CR15[5] | CR15[4:0]
V Blank End CR1A[7] | CR1A[6] | CR16[7] CR16[6] CR16[5] | CR16[4:0]
Line Compare CR9[6] CR7[4] CR18[7] CR18J[6] CR18J[5] CR18[4:0]
Offset CR1B[4] | CR13[7] CR13[6] CR13[5] | CR13[4:0]

a. Bits shown in bold text are extensions.
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6.3 CR1: Horizontal Display End Register

I/0 Port Address: 3?5
Index: 1

o8]
=

Description

Horizontal Display End [7]
Horizontal Display End [6]
Horizontal Display End [5]
Horizontal Display End [4]
Horizontal Display End [3]
Horizontal Display End [2]
Horizontal Display End [1]
Horizontal Display End [0]

OFrRLrNWk~MUUITO N

This register is used to specify the number of character clocks during horizontal display

time.
Bit Description
7:0 Horizontal Display End [7:0]: This register specifies the number of character

clocks during horizontal display time. For text modes, this is the number of
characters; for graphics modes, this is the number of pixels per scanlines
divided by the number of pixels per character clock. The value in the register is
the number of character clocks minus one.

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.4 CR2: Horizontal Blanking Start Register

I/0 Port Address: 3?5
Index: 2

o8]
=

Description

Horizontal Blanking Start [7]
Horizontal Blanking Start [6]
Horizontal Blanking Start [5]
Horizontal Blanking Start [4]
Horizontal Blanking Start [3]
Horizontal Blanking Start [2]
Horizontal Blanking Start [1]
Horizontal Blanking Start [0]
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This register is used to specify the Character Count where Horizontal Blanking starts.

Bit Description

7.0 Horizontal Blanking Start [7:0]: The contents of this register specify the
Character Count where Horizontal Blanking starts. For text modes, this is the
number of characters; for graphics modes, this is the number of pixels per
scanline divided by the number of pixels per character clock. The value pro-
grammed into CR2 must always be larger than the value programmed into
CR1.

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.5 CRS3: Horizontal Blanking End Register

I/0 Port Address: 3?5
Index: 3

o8]
=

Description
Compatible Read

Display Skew [0]
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Display Enable Skew [1]

Horizontal Blanking End [4]
Horizontal Blanking End [3]
Horizontal Blanking End [2]
Horizontal Blanking End [1]
Horizontal Blanking End [O]

CRT CONTROLLER REGISTERS

This register is used to determine the width of the Horizontal Blanking Period. In addition,

this register controls Display Enable Skew and access to CR10 and CR11.

Bit Description

7 Compatible Read: If this bit is programmed to ‘0’, registers CR10 and CR11
are write-only registers. If this bit is programmed to ‘1", registers CR10 and

CR11 are read/write registers.

6:5 Display Enable Skew [1:0]: This two-bit field is used to specify the number of
character clocks that display enable is to be delayed from Horizontal Total.
This is necessary to compensate for the accesses of the character code and
Attribute byte, the accesses of the font, etc. The following table indicates the

coding of CR3[6:5].

CR3[6] CR3[5] Skew Note
0 0 0
0 1 1 Typical setting
1 0 2
1 1 3

NOTE: If the skew is programmed too low, the left most character is repeated. If the
skew is programmed too high, one or more characters disappears at the left of
each character row.

Copyright 1995 — Cirrus Logic Inc.
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6.5 CR3: Horizontal Blanking End Register (cont.)

Bit Description

4:0 Horizontal Blanking End [4:0]: This field determines the width of the Hori-
zontal Blanking Period. This field is extended with CR5[7]. The least-significant
five or six bits of the Character Counter are compared with the contents of this
field. When a match occurs, the Horizontal Blanking Period is ended. Note that
the Horizontal Blanking Period is limited to 63 character-clock times. The value
to be programmed into this register can be calculated by subtracting the
desired blanking period from the value programmed into CR2 (Horizontal
Blanking Start). Never program the blanking period to extend past the Hori-
zontal Total.

If CR1B[5] or CR1B[7] is programmed to ‘1’, this field is extended with Exten-
sion register CR1A[5:4].

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: *?" in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.6 CR4: Horizontal Sync Start Register

I/0 Port Address: 3?5
Index: 4

o8]
=

Description

Horizontal Sync Start [7]
Horizontal Sync Start [6]
Horizontal Sync Start [5]
Horizontal Sync Start [4]
Horizontal Sync Start [3]
Horizontal Sync Start [2]
Horizontal Sync Start [1]
Horizontal Sync Start [0]

OFrRLrNWk~MUUITO N

This register specifies the time where Horizontal Sync becomes active.

Bit Description

7.0 Horizontal Sync Start [7:0]: This field specifies the Character Count where
HSYNC (Horizontal Sync) becomes active. Adjusting the value in this field
moves the display horizontally on the screen. The Horizontal Sync Start must
be programmed to a value equal to or greater than Horizontal Display End.
The time from Horizontal Sync Start to Horizontal Total must be equal to or
greater than four character times.

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.

Copyright 1995 — Cirrus Logic Inc. 6-11 September 1997



CRT CONTROLLER REGISTERS True Color Family Technical Reference Manual

6.7 CR5: Horizontal Sync End Register

I/0 Port Address: 3?5
Index: 5

o8]
=

Description

Horizontal Blanking End [5]
Horizontal Sync Delay [1]
Horizontal Sync Delay [0]
Horizontal Sync End [4]
Horizontal Sync End [3]
Horizontal Sync End [2]
Horizontal Sync End [1]
Horizontal Sync End [0]

OFrRLrNWkAUUITO N

This register specifies the position where the Horizontal Sync pulse ends, effectively speci-
fying the width of the pulse. In addition, this register contains an overflow bit and a skew

field.

Bit Description

7 Horizontal Blanking End [5]: This bit extends the Horizontal Blanking End
value by one bit. Refer to register CR3 for an explanation of the Horizontal
Blanking End Value.

6:5 Horizontal Sync Delay [1:0]: This two-bit field is used to delay the external

Horizontal Sync pulse from the position implied in CR4. This is necessary in
some modes to allow internal timing signals triggered from Horizontal Sync
Start to begin prior to Display Enable. The following table summarizes the

HSYNC delay:
CRS[6] CRS[5] In Charilc:tiv;l Clocks
0 0 0
0 1 1
1 0 2
1 1 3
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6.7 CR5: Horizontal Sync End Register (cont.)

Bit Description

4:0 Horizontal Sync End [4:0]: This field determines the width of the Horizontal
Sync pulse. The least-significant five bits of the Character Counter are com-
pared with the contents of this field. When a match occurs, the Horizontal
Sync pulse is ended. Note the Horizontal Sync pulse is limited to 31 character-
clock times. The value to be programmed into this register can be calculated
by subtracting the desired sync width from the value programmed into CR4
(Horizontal Sync Start). Never program the sync pulse to extend past the Hor-
izontal Total. In addition, HSYNC should always end during the Horizontal
Blanking period.

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: *?" in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.8 CR6: Vertical Total Register

I/0 Port Address: 3?5
Index: 6

o8]
=

Description

Vertical Total [7]
Vertical Total [6]
Vertical Total [5]
Vertical Total [4]
Vertical Total [3]
Vertical Total [2]
Vertical Total [1]
Vertical Total [O]

OFrRLrNWkAUUITO N

This register specifies the total number of scanlines per frame.

Bit Description

7.0 Vertical Total [7:0]: This field is the low-order eight bits of a ten-bit field that
defines the total number of scanlines per frame. This field is extended with
CR5[7] and CR5][0]. The value programmed into the Vertical Total field is the
total number of scanlines minus two.

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.9 CR7: Overflow Register

I/0 Port Address: 3?5

Index: 7

o8]
=

OFrRLrNWk~MUUITO N

Description

Vertical Sync Start [9]
Vertical Display End [9]
Vertical Total [9]

Line Compare [8]
Vertical Blanking Start [8]
Vertical Sync Start [8]
Vertical Display End [8]
Vertical Total [8]

This register contains bits that extend various vertical count fields. Refer to Figure 6-1 and
Table 6-2 for a summary of CRTC Timing registers.

Bit Description

7 Vertical Retrace Start [9]: This bit extends the Vertical Retrace Start (CR10)
field to ten bits.

6 Vertical Display End [9]: This bit extends the Vertical Display End (CR12)
field to ten bits.

5 Vertical Total [9]: This bit extends the Vertical Total (CR6) field to ten bits.

4 Line Compare [8]: This bit extends the Line Compare (CR18) field to nine
bits.

3 Vertical Blanking Start [8]: This bit extends the Vertical Blanking Start
(CR15) field to nine bits.

2 Vertical Retrace Start [8]: This bit extends the Vertical Retrace Start (CR10)
field to nine bits.

1 Vertical Display End [8]: This bit extends the Vertical Display End (CR12)
field to nine bits.

0 Vertical Total [8]: This bit extends the Vertical Total (CR6) field to nine bits.

NOTE: *?"in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.10 CR8: Screen A Preset Row Scan Register
I/O Port Address: 3?5
Index: 8
Bit Description
7 Reserved
6 Byte Pan [1]
5 Byte Pan [0]
4 Screen A Preset Row Scan [4]
3 Screen A Preset Row Scan [3]
2 Screen A Preset Row Scan [2]
1 Screen A Preset Row Scan [1]
0 Screen A Preset Row Scan [0]

This register specifies the row scanline where Screen A begins, allowing scrolling on a
scanline basis (soft scroll). In addition, this register specifies the Byte Pan (coarse pan-

ning).
Bit Description
7 Reserved
6:5 Byte Pan [1:0]: This two-bit field controls coarse panning. It can specify a pan
of up to 24 pixels with a resolution of eight pixels. AR13 provides for panning
on a pixel basis. The values programmed into CR8[6:5] are interpreted as indi-
cated in the following table:
CR38[6] CR38[5] Bytes Pixels
0 0 0 0
0 1 1 8
1 0 2 16
1 1 3 24
4:0 Screen A Preset Row Scan [4:0]: This field specifies the scanline where the

first character row begins. This provides scrolling on a scanline basis (soft
scrolling). The contents of this field should be changed only during Vertical
Retrace time.

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.11 CR9: Character Cell Height Register

I/0 Port Address: 3?5
Index: 9

o8]
=

Description

CRTC Scan Double

Line Compare [9]
Vertical Blank Start [9]
Character Cell Height [4]
Character Cell Height [3]
Character Cell Height [2]
Character Cell Height [1]
Character Cell Height [0]

OFrRLrNWk~MUUITO N

This register specifies the number of scanlines in the character cell. In addition, it contains
two vertical overflow bits and one control bit.

Bit Description

7 CRTC Scan Double: If this bit is programmed to ‘1’, every scanline is dis-
played twice in succession. The Scanline Counter-based addressing (Charac-
ter Height, Cursor Start and End, and Underline location) double.

6 Line Compare [9]: This bit extends the Line Compare field (CR18) to ten bits.

5 Vertical Blank Start [9]: This bit extends the Vertical Blank Start field (CR15)
to ten bits.

4:0 Character Cell Height [4:0]: This field specifies the vertical size of the char-

acter cell in terms of scanlines. The value programmed into this field is the
actual size minus 1.

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: “?"in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.12 CRA: Text Cursor Start Register

I/0 Port Address: 3?5
Index: A

o8]
=

Description
Reserved

Reserved

Disable Text Cursor
Text Cursor Start [4]
Text Cursor Start [3]
Text Cursor Start [2]
Text Cursor Start [1]
Text Cursor Start [0]

OFrRLrNWkAUUITO N

This register specifies the scanline where the text cursor is to begin. In addition, this regis-
ter contains a bit that will disable the text cursor.

Bit Description
7:6 Reserved
5 Disable Text Cursor: If this bit is programmed to ‘1’, the text cursor is disabled

(that is, it is not displayed). If this bit is programmed to ‘0’, the text cursor func-
tions normally.

4:0 Text Cursor Start [4:0]: This field specifies the scanline within the Character
Cell where the text cursor is to start. If the Text Cursor Start value is greater
than the Text Cursor End value, there is no text cursor displayed. If the Text
Cursor Start value is equal to the Text Cursor End value, the text cursor occu-
pies a single scanline.

NOTE: ‘?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.13 CRB: Text Cursor End Register

I/0 Port Address: 3?5
Index: B

o8]
=

Description

Reserved

Text Cursor Skew [1]
Text Cursor Skew [0]
Text Cursor End [4]
Text Cursor End [4]
Text Cursor End [4]
Text Cursor End [4]
Text Cursor End [4]

OFrRLrNWk~MUUITO N

This register specifies the scanline within the character cell where the text cursor is to end.
It also contains a field that allows the text cursor to be skewed from the location specified in

CRE and CRF.

Bit Description

7 Reserved

6:5 Text Cursor Skew [1:0]: This two-bit field specifies a delay, in character
clocks, from the Text Cursor Location specified in CRE and CRF to the actual
cursor.

4:0 Text Cursor End [4:0]: This field specifies the scanline within the Character

where the text cursor is to end. A value greater than the character cell height
yields an effective ending value equal to the cell height.

NOTE: *?" in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.14 CRC: Screen Start Address High Register

I/0 Port Address: 3?5
Index: C

o8]
=

Description

Screen Start A Address [15]
Screen Start A Address [14]
Screen Start A Address [13]
Screen Start A Address [12]
Screen Start A Address [11]
Screen Start A Address [10]
Screen Start A Address [9]

Screen Start A Address [8]

OFrRLrNWkAUUITO N

This register, and CRD, specify the location in display memory where the data to be dis-
played on the screen begins.

Bit Description

7:0 Screen Start A Address [15:8]: The Screen Start A field specifies the loca-
tion in display memory where the screen begins. This register contains bits
15:8 of this value; bits 7:0 are in register CRD; bits 17:16 are in CR1B.

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.15 CRD: Screen Start Address Low Register

I/0 Port Address: 3?5
Index: D

o8]
=

Description

Screen Start A Address [7]
Screen Start A Address [6]
Screen Start A Address [5]
Screen Start A Address [4]
Screen Start A Address [3]
Screen Start A Address [2]
Screen Start A Address [1]
Screen Start A Address [0]

OFrRLrNWk~MUUITO N

This register, and CRC, specify the location in display memory where the data to be dis-
played on the screen begins.

Bit Description

7:0 Screen Start A Address [7:0]: The Screen Start A field specifies the location
in display memory where the screen begins. This register contains bits 7:0 of
this value; bits 15:8 are in register CRC; bits 18:16 are in CR1B.

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.16 CRE: Text Cursor Location High Register

I/0 Port Address: 3?5
Index: E

o8]
=

Description

Text Cursor Location [15]
Text Cursor Location [14]
Text Cursor Location [13]
Text Cursor Location [12]
Text Cursor Location [11]
Text Cursor Location [10]
Text Cursor Location [9]

Text Cursor Location [8]

OFrRLrNWkAUUITO N

This register, with CRF, specifies the location in display memory where the text cursor is to

be displayed.
Bit Description
7:0 Text Cursor Location [15:8]: The Text Cursor Location is a 16-bit field that

specifies the location in display memory where the text cursor is to be dis-

played. This register contains bits 15:8 of this field; CRF contains bits 7:0.

NOTE: The value contained in this field is an address in display memory, not an offset
from the beginning of the screen. If the value of Screen A Start is changed
without a compensating change in the Text Cursor Location field, the text cur-
sor moves on the screen.

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: *?" in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.17 CRF: Text Cursor Location Low Register

I/0 Port Address: 3?5
Index: F

o8]
=

Description

Text Cursor Location [7]
Text Cursor Location [6]
Text Cursor Location [5]
Text Cursor Location [4]
Text Cursor Location [3]
Text Cursor Location [2]
Text Cursor Location [1]
Text Cursor Location [0]

OFrRLrNWk~MUUITO N

This register, with CRE, specifies the location in display memory where the text cursor is to

be displayed.
Bit Description
7:0 Text Cursor Location [7:0]: The Text Cursor Location is a 16-bit field that

specifies the location in display memory where the text cursor is to be dis-
played. This register contains bits 7:0 of this field.

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.18 CR10: Vertical Sync Start Register

I/0 Port Address: 3?5
Index: 10

o8]
=

Description

Vertical Sync Start [7]
Vertical Sync Start [6]
Vertical Sync Start [5]
Vertical Sync Start [4]
Vertical Sync Start [3]
Vertical Sync Start [2]
Vertical Sync Start [1]
Vertical Sync Start [0]

OFrRLrNWkAUUITO N

The Vertical Sync Start field specifies the scanline where the Vertical Sync pulse becomes
active. This register contains the low-order eight bits of that field.

Bit Description

7:0 Vertical Sync Start [7:0]: The Vertical Sync field specifies the scanline where
the Vertical Sync pulse becomes active. This register contains bits 7:0 of that
field. This register is extended by the bits in CR7.

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.19 CR11: Vertical Sync End Register

I/0 Port Address: 3?5

Index: 11

Bit

OFrRLrNWk~MUUITO N

Description

Write Protect CR7-CRO
Refresh Cycle Control
Disable Vertical Interrupt
Clear Vertical Interrupt
Vertical Sync End [3]
Vertical Sync End [2]
Vertical Sync End [1]
Vertical Sync End [0]

This register specifies the scanline where the Vertical Sync pulse is to become inactive,
thereby effectively specifying the Vertical Sync pulse width. In addition, this register con-
tains controls for the interrupt and two miscellaneous control bits.

Bit

Description

7

Write Protect CR7—CRO: If this bit is programmed to ‘1’, registers CRO-CR7
cannot be written. Writes addressed to those registers are ignored. CR7[4]
(Line Compare Extension) can always be written. If this bit is programmed to
‘0’, registers CRO-CR7 can be written normally.

For the CL-GD5425 only, these registers can be write-protected by program-
ming GRE[7] to ‘1. See the description of GRE in Chapter 9, “Extension Reg-
isters”.

Refresh Cycle Control: If this bit is programmed to ‘1’, five refresh cycles are
executed per scanline. If this bit is programmed to ‘0’, three refresh cycles are
executed per scanline.

Disable Vertical Interrupt: If this bit is programmed to ‘1’, the vertical inter-
rupt is disabled. In this case, the Interrupt Request pin can never go active. If
this bit is programmed to ‘0’, the vertical interrupt is enabled and functions nor-
mally.

Clear Vertical Interrupt: If this bit is programmed to ‘0’, the Interrupt Pending
bit (FEAT[7]) is cleared to ‘0’ and the Interrupt Request pin is forced inactive.
Programming this bit to ‘1’ allows the next occurance of the interrupt. This may
be done immediately after programming it to ‘0'.

3.0

Vertical Sync End [3:0]: This field determines the width of the Vertical Sync
pulse. The least-significant four bits of the Scanline Counter are compared
with the contents of this field. When a match occurs, the Vertical Sync pulse is
ended. Note the Vertical Sync pulse is limited to 15 scanlines.

The value to be programmed into this register can be calculated by subtracting
the desired Sync width from the value programmed into the Vertical Sync Start
field. Never program the Sync pulse to extend past the Vertical Total. Refer to
Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.20 CR12: Vertical Display End Register

I/0 Port Address: 3?5
Index: 12

o8]
=

Description

Vertical Display End [7]
Vertical Display End [6]
Vertical Display End [5]
Vertical Display End [4]
Vertical Display End [3]
Vertical Display End [2]
Vertical Display End [1]
Vertical Display End [0]

OFrRLrNWkAUUITO N

The Vertical Display End field is used to specify the scanline where the display is to end.

Bit Description

7.0 Vertical Display End [7:0]: The Vertical Display End field is used to specify
the scanline where the display is to end. This register contains the least-signif-
icant eight bits of this field.

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: ‘?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.21 CR13: Offset Register

I/0 Port Address: 3?5
Index: 13

o8]
=

Description

Offset [7]
Offset [6]
Offset [5]
Offset [4]
Offset [3]
Offset [2]
Offset [1]
Offset [0]

OFrRLrNWk~MUUITO N

This register specifies the distance in display memory between the beginnings of adjacent
character rows or scanlines. This is sometimes referred to as display ‘pitch’.

Bit Description

7:0 Offset [7:0]: This register specifies the distance in display memory between
the beginnings of adjacent character rows or scanlines. This field with
CR1BJ4] is extended to nine bits. At the beginning of each scanline (except the
first), the address where data fetching begins is calculated by adding the con-
tents of this register to the beginning address of the previous scanline or char-
acter row. The offset is left-shifted one or two bit positions, depending on
CR17[6].

NOTE: “?" in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.22 CR14: Underline Row Scanline Register

I/0 Port Address: 3?5

Index: 14

o8]
=

OFrRLrNWkAUUITO N

Description
Reserved

Doubleword Mode
Count by Four
Underline Scanline [4]
Underline Scanline [3]
Underline Scanline [2]
Underline Scanline [1]
Underline Scanline [0]

This register is used to specify the underline scanline.

Bit

Description

7

Reserved

6

Doubleword Mode: When this bit is programmed to ‘1', doubleword
addresses are forced. The CRTC Memory Address Counter is rotated left two
bit positions, so that Display Memory Address bits 1 and 0 are sourced from
CRTC Address Counter bits 13 and 12, respectively. When this bit is pro-
grammed to ‘0", CR17[6] controls whether the chip uses byte or word
addresses.

Count by Four: This bit must be programmed to ‘1’ when Doubleword mode is
enabled, to clock the Memory Address Counter with the character clock
divided by four. This bit must be programmed to ‘0’ when Doubleword mode is
not enabled.

4:0

Underline Scanline [4:0]: This field specifies the scanline within the Charac-
ter Cell where the underline occurs.

NOTE: *?" in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.23 CR15: Vertical Blank Start Register

I/0 Port Address: 3?5
Index: 15

o8]
=

Description

Vertical Blank Start [7]
Vertical Blank Start [6]
Vertical Blank Start [5]
Vertical Blank Start [4]
Vertical Blank Start [3]
Vertical Blank Start [2]
Vertical Blank Start [1]
Vertical Blank Start [0]

OFrRLrNWk~MUUITO N

This register specifies the scanline where Blank is to become active.

Bit Description

7.0 Vertical Blank Start [7:0]: The Vertical Blank Start field specifies the scanline
where Vertical Blank is to begin. The low-order eight bits of that field are in this
register.

Refer to Table 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: ‘?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.24 CR16: Vertical Blank End Register

I/0 Port Address: 3?5
Index: 16

o8]
=

Description

Vertical Blank End [7]
Vertical Blank End [6]
Vertical Blank End [5]
Vertical Blank End [4]
Vertical Blank End [3]
Vertical Blank End [2]
Vertical Blank End [1]
Vertical Blank End [0O]

OFrRLrNWkAUUITO N

The Vertical Blank End field specifies the scanline where Vertical Blank is to end.

Bit Description

7.0 Vertical Blank End [7:0]: The Vertical Blank End field specifies the scanline
where Vertical Blank is to end. This register contains the low-order eight bits of
that field. If CR1B[5] is programmed to ‘0’, this register contains the entire
field.

The contents of the Vertical Blank End field are compared to the Scanline
Counter to determine when to terminate Vertical Blank. This limits the duration
of Vertical Blank to 255 scanlines if CR1BJ[5] is programmed to ‘0’

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: “?"in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.25

CRT CONTROLLER REGISTERS

CR17: Mode Control Register

I/0 Port Address: 3?5

Index: 17

o8]
=

OFrRLrNWk~MUUITO N

Description

Timing Enable

Byte/Word Mode

Address Wrap

Reserved

Count by Two

Multiply Vertical Registers by Two
Select Row Scan Counter
Compatibility Mode (CGA) Support

This register contains miscellaneous control bits.

Bit

Description

7

Timing Enable: If this bit is programmed to ‘1’, CRTC Timing Logic is enabled
and functions normally. If this bit is programmed to ‘0’, CRTC Timing Logic is
disabled.

Byte/Word Mode: If this bit is programmed to ‘1’, the contents of the CRTC
Address Counter are sent to the display memory without being rotated.

If this bit is programmed to ‘0’, the contents of the CRTC Address Counter are
rotated left one bit position before being sent to display memory.

Address Wrap: If CR17[6] is programmed to ‘1’, this bit is ignored. If CR17[6]
is programmed to ‘O’ and this bit is programmed to ‘1l’, the left rotation
described above involves 16 bits of the CRTC Address Counter. If CR17[6] is
programmed to ‘0’ and this bit is programmed to ‘0’, the left rotation described
above involves 14 bits of the CRTC Address Counter.

Reserved

Count by Two: If this bit is programmed to ‘1’, the CL-GD542X clocks the
Memory Address Counter with the character clock divided by two. If this bit is
programmed to ‘0’, the CL-GD542X clocks the Memory Address Counter with
the character clock.

Multiply Vertical Registers by Two: If this bit is programmed to ‘1’, the Scan-
line Counter is clocked with Horizontal Sync divided by two. This allows the
number of scanlines to be doubled to 2048. Observe that all the periods are
even multiples of two scanlines. If this bit is programmed to ‘0’, the Scanline
Counter is clocked with Horizontal Sync.
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6.25 CR17: Mode Control Register (cont.)

Bit Description

1 Select Row Scan Counter: If this bit is programmed to ‘0’, the Row Scan
Counter[1] is substituted for the CRTC Address Counter[14]. This provides for
Hercules[O compatibility. If this bit is programmed to ‘1’, the substitution
described above does not occur.

0 Compatibility Mode (CGA) Support: If this bit is programmed to ‘0’, Row
Scan Counter [0] is substituted for CRTC Address Counter [14]. This provides
for CGA compatibility. If this bit is programmed to ‘1’, the substitution
described above does not occur.

NOTE: “?"in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.26

CRT CONTROLLER REGISTERS

CR18: Line Compare Register

I/0 Port Address: 3?5

Index: 18

o8]
=

OFrRLrNWk~MUUITO N

Description

Line Compare [7]
Line Compare [6]
Line Compare [5]
Line Compare [4]
Line Compare [3]
Line Compare [2]
Line Compare [1]
Line Compare [0]

The Line Compare field is used to specify where Screen A terminates and Screen B

begins.
Bit Description
7:0 Line Compare [7:0]: The Line Compare field is used to specify where Screen

A terminates and Screen B begins. This register contains the eight least-sig-
nificant bits of this field. The Line Compare field can be used to implement a
vertically split screen. The top portion of the screen is called Screen A and can
begin anywhere in display memory. Screen A can be panned and scrolled on
a pixel basis. The bottom portion of the screen is called Screen B. Screen B
always begins at location ‘0’ in display memory and cannot be panned or
scrolled.

When the CL-GD5425 is configured for TV-Out mode, the line compare and
cursor vertical position functions can be used as though interlace and scaling
or expansion were not used. No special software adjustments are required for
compatibility between TV and VGA configurations.

Refer to Figure 6-1 and Table 6-2 for a summary of CRTC Timing registers.

NOTE: *?" in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.27 CR22: Graphics Data Latches Readback Register

I/0 Port Address: 3?5
Index:; 22

o8]
=

Description

Graphics Data Latch n Readback [7]
Graphics Data Latch n Readback [6]
Graphics Data Latch n Readback [5]
Graphics Data Latch n Readback [4]
Graphics Data Latch n Readback [3]
Graphics Data Latch n Readback [2]
Graphics Data Latch n Readback [1]
Graphics Data Latch n Readback [0]

OFrRLrNWkAUUITO N

This register address is used to read the four Graphics Controller Data Latches.

Bit Description

7.0 Graphics Data Latch n Readback [7:0]: This read-only register can be used
to read back one of the four Graphics Controller Data Latches. The latch is
selected with GR4[1:0]. These latches are loaded whenever display memory is
read by the CPU.

NOTE: “?"in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.28 CR24: Attribute Controller Toggle Readback Register

I/0 Port Address: 3?5
Index: 24

o8]
=

Description

Attribute Controller Toggle
Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

OFrRLrNWk~MUUITO N

This read-only register provides access to the Attribute Controller Toggle.

Bit Description

7 Attribute Controller Toggle: If this bit is ‘1’, the Attribute Controller reads or
writes a data value on the next access. If this bit is ‘0", the Attribute Controller
reads or writes an index value on the next access.

6:0 Reserved

NOTE: *?" in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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6.29 CR26: Attribute Controller Index Readback Register

I/0 Port Address: 3?5
Index: 26

o8]
=

Description

Reserved

Reserved

Video Enable

Attribute Controller Index [4]
Attribute Controller Index [3]
Attribute Controller Index [2]
Attribute Controller Index [1]
Attribute Controller Index [0]

OFrRLrNWkAUUITO N

This read-only register provides access to the current Attribute Controller Index.

Bit Description
7:6 Reserved
5 Video Enable: This bit follows the Video Enable bit in the Attribute Controller

Index register.

4:0 Attribute Controller Index [4:0]: This field follows the index in the Attribute
Controller Index register.

NOTE: *?"in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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1. VGA GRAPHICS CONTROLLER REGISTERS

The CL-GD542X VGA Graphics Controller registers are summarized in the following table.
Please note that there are Extension registers that are accessed using the VGA Graphics
Controller Port.

Table 7-1. VGA Graphics Controller Registers Quick Reference

Abbreviation Register Name Index Port Page
GRX Graphics Controller Index - 3CE 7-3
GRO Set/Reset 0 3CF 7-4
GR1 Set/Reset Enable 1 3CF 7-5
GR2 Color Compare 2 3CF 7-6
GR3 Data Rotate 3 3CF 7-7
GR4 Read Map Select 4 3CF 7-8
GR5 Mode 5 3CF 7-9
GR6 Miscellaneous 6 3CF 7-12
GR7 Color Don’'t Care 7 3CF 7-13
GR8 Bit Mask 8 3CF 7-14
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7.1 GRX: Graphics Controller Index Register

I/0 Port Address: 3CE
Index: —

Bit Description

Reserved

Reserved

Graphics Controller Index [5]
Graphics Controller Index [4]
Graphics Controller Index [3]
Graphics Controller Index [2]
Graphics Controller Index [1]
Graphics Controller Index [0]

OFRLNWRAUUITO N

This register is used to specify the register in the VGA Graphics Controller group or the
Extension register accessed by the next I/O read or 1/0O write to 3CF.

Bit Description
7.6 Reserved
5:0 Graphics Controller Index [5:0]: This field specifies the register in the VGA

Graphics Controller group or the Extension register accessed by the next I/O
read or I/O write to 3CF. Register indices above 1F are valid for the
CL-GD5426/'28/'29 only.
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7.2 GRO: Set/Reset Register

I/0 Port Address: 3CF

Index: O

Bit

OFRLNWRAUUITO N

Description

Reserved/ Write Mode 5 Background [7]
Reserved/ Write Mode 5 Background [6]
Reserved/ Write Mode 5 Background [5]
Reserved/ Write Mode 5 Background [4]
Set/Reset Plane 3/Write Mode 5 Background [3]
Set/Reset Plane 2/Write Mode 5 Background [2]
Set/Reset Plane 1/Write Mode 5 Background [1]
Set/Reset Plane 0/Write Mode 5 Background [0]

This register specifies the values to be written into the respective display memory planes
when the processor executes a Write mode 0 or 3 operation. If Extended Write mode 5 is
selected, this register specifies the background color.

Bit

Description

74

Reserved: If Extended Write mode 5 is not selected, these bits are reserved.
If GRBJ[2] = 0, writes to these bits are ignored and reads from these bits return
zeroes. If GRBJ2] = 1, these bits are read/write, but the contents are not used.

3.0

Set/Reset Plane [3:0]: If Extended Write mode 5 is not selected, these bits
control the values written into the respective display memory planes for Write
modes 0 and 3. Refer to the description of GR5 for an overview of the Write
modes.

7:0

Write Mode 5 Background [7:0]: If Extended Write mode 5 is selected, these
bits specify the background color. Refer to the description of GR5 for an over-
view of the Write modes.
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7.3

GR1: Set/Reset Enable Register

I/0 Port Address: 3CF

Index: 1

Bit

OFRLNWRAUUITO N

Description

Reserved/ Write Mode 4, 5 Foreground [7]
Reserved/ Write Mode 4, 5 Foreground [6]
Reserved/ Write Mode 4, 5 Foreground [5]
Reserved/ Write Mode 4, 5 Foreground [4]

Enable SR Plane 3/ Write Mode 4, 5 Foreground [3]
Enable SR Plane 2/ Write Mode 4, 5 Foreground [2]
Enable SR Plane 1/ Write Mode 4, 5 Foreground [1]
Enable SR Plane 0/ Write Mode 4, 5 Foreground [0]

This register is used with GRO to determine the values to be written into the respective dis-
play memory planes when Write mode 0 is selected. If Extended Write modes 4 or 5 are
selected, this register defines the foreground color.

Bit

Description

74

Reserved: If Extended Write modes 4 or 5 are not selected, these bits are
reserved. If GRBJ[2] = 0, writes to these bits are ignored and reads from these
bits return zeroes. If GRB[2] = 1, these bits are read/write, but the contents are
not used.

3.0

Enable SR Plane [3:0]: These bits are used with GRO to determine the values
written into the display memory planes when Write mode 0 is selected. If a bit
in this field is programmed to ‘1’, the corresponding value in GRO is written into
the corresponding display memory plane. If a bit in this field is programmed to
‘0’, the corresponding value from the CPU data bus is written into the corre-
sponding display memory plane. Refer to the description of GR5 for an over-
view of the Write modes.

For the CL-GD5429 only, if SR7[0] is programmed to ‘1’, the value from the
CPU bus is written, regardless of the contents of this field.

7:0

Write Mode 4, 5 Foreground [7:0]: If Extended Write mode 4 or 5 is
selected, these bits specify the foreground color. Refer to the description of
GRS for an overview of the Write modes.
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7.4 GR2: Color Compare Register

I/0 Port Address: 3CF
Index: 2

Bit Description

Reserved

Reserved

Reserved

Reserved

Color Compare Plane [3]
Color Compare Plane [2]
Color Compare Plane [1]
Color Compare Plane [0]

OFRLNWRAUUITO N

This register specifies the color compare value for Read mode 1.

Bit Description
74 Reserved
3:0 Color Compare Plane [3:0]: When a Read mode 1 takes place, these four

bits are compared with each of eight bits from the corresponding display mem-
ory planes under the mask in GR7. Refer to the description of GR5 for an
overview of the Read modes.
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7.5 GR3: Data Rotate Register

I/0 Port Address: 3CF

Index: 3

Bit Description

7 Reserved

6 Reserved

5 Reserved

4 Function Select [1]
3 Function Select [0]
2 Rotate Count [2]

1 Rotate Count [1]

0

Rotate Count [0]

VGA GRAPHICS CONTROLLER REGISTERS

This register contains two fields that are used with Write modes 0 and 3.

Bit Description
75 Reserved
4:3 Function Select [1:0]: This field controls the operation that takes place

between the data in the latches and the data from the CPU or SR logic. The
result of this operation is written into display memory. This field is used for
Write mode 0 only. The operations are summarized in the following table:

GR3[4] GR3[3] Operation
0 0 None: The data in the latches are ignored.
0 1 Logical ‘AND’
1 0 Logical ‘OR’
1 1 Logical ‘XOR’
2:0 Rotate Count [2:0]: This field allows data from the CPU bus to be rotated up

to seven bit positions prior to being altered by the SR logic. Refer to the
description of GR5 for an overview of the Write modes.
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7.6 GR4: Read Map Select Register

I/0 Port Address: 3CF
Index: 4

Bit Description
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved

Plane Select [1]
Plane Select [0]

OFRLNWRAUUITO N

This register is used to specify the display memory plane for Read mode 0.

Bit Description
7:2 Reserved
1.0 Plane Select [1:0]: This field specifies the display memory plane for Read

mode 0. The values are shown in the following table:

GR4[1] GR4[0] Plane Selected
0 0 0
0 1 1
1 0 2
1 1 3
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7.7

GR5: Mode Register

I/0 Port Address: 3CF

Index: 5

Bit

OFRLNWRAUUITO N

Description

Reserved

256-color Mode

Shift Register Mode
Odd/Even

Read Mode
Reserved/Write Mode [2]
Write Mode [1]

Write Mode [0]

This register specifies the Write mode and Read mode. In addition, it controls the configu-
ration of the Data Shift registers.

Bit Description

7 Reserved

6 256-color Mode: If this bit is programmed to ‘1’, the Video Shift registers are
configured for 256-color Video modes. GR5[5] is ignored. If this bit is pro-
grammed to ‘0’, the Video Shift registers are configured for 16-, 4-, or 2-color
modes.

5 Shift Register Mode: If this bit is programmed to ‘1’, the Video Shift registers
are configured for CGA compatibility. This is used for Video modes 4 and 5. If
this bit is programmed to ‘0’, the Video Shift registers are configured for EGA
compatibility.

4 Odd/Even: If this bit is programmed to ‘1", the Graphics Controller is config-

ured for Odd/Even Addressing mode. This bit should always be programmed
to the opposite value as SR4[2].
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7.7 GR5: Mode Register (cont.)

Bit

Description

3

Read Mode: This bit specifies whether the chip is in Read mode 0 or Read
mode 1.

Read Mode O: If this bit is programmed to ‘0’, the CPU reads data directly
from display memory. Each read returns eight adjacent bits of the display
memory plane specified in GR4[1:0]. The color-match logic is not used in
Read mode 0. Note that an I/O read of CR22 forces a Read mode 0 operation.

Read Mode 1: If this bit is programmed to ‘1’, the CPU reads the results of the
color compare logic. Read mode 1 allows eight adjacent pixels (16-color
modes) to be compared to a specified color value in a single operation. Each
of the eight bits returned to the processor indicates the result of a compare
between the four bits of the Color Compare (GR2[3:0]) and the bits from the
four display memory planes. If the four bits of the Color Compare match the
four bits from the display memory planes, ‘1’ is returned for the corresponding
bit position. If any bits in the Color Don’t Care (GR7[3:0]) are zeroes, the cor-
responding plane comparison is forced to match.

2:0

September 1997

Write Mode [2:0]: These three bits specify the Write mode or Extended Write
mode. If GRBJ[2] is programmed to ‘0’, bit 2 is forced to ‘0’. Only Write modes 0
through 3 are available.

Write Mode 0: Each of the four display memory planes is written with the CPU
data rotated by the number of counts in GR3[2:0]. If a bit in GR1[3:0] is pro-
grammed to ‘1’, the corresponding plane is written with the contents of the cor-
responding bit in GRO[3:0]. The contents of the data latches may be combined
with the data from the SR logic under control of GR3[4:3]. Bit planes are
enabled with SR2[3:0]. Bit positions are enabled with GRS8.

Write Mode 1: Each of the four display memory planes is written with the data
in the Data Latches. The Data Latches had been loaded from display memory
with a previous read. GR8 is ignored in Write mode 1.

Write Mode 2: Display memory planes 3:0 are written with value of Data bits
3:0, respectively. The four bits are replicated eight times each to write up to
eight adjacent pixels. Bit planes are enabled with SR2[3:0]. Bit positions are
enabled with GR8. The Data Rotator, SR logic, and Function Select fields are
ignored in Write mode 2.
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7.7 GR5: Mode Register (cont.)

Bit

Description

2:0 (cont.)

Write Mode 3: The data for each display memory plane comes from the corre-
sponding bit of GRO[3:0]. The bit-position-enable field is formed with the logi-
cal AND of GR8 and the rotated CPU data. The SR and Function Select fields
are ignored in Write mode 3.

Extended Write Mode 4: The contents of GR1[7:0] are written into up to eight
adjacent pixels. The CPU data is used to control whether pixels are written. If
a bit in the CPU is ‘1, the corresponding pixel is written. If a bit in the CPU
data is ‘0’, the corresponding pixel is not changed. This mode is intended for
256-color text expansion where the background is to be preserved. In the
CL-GD5422/°24/'25/'26/°'28/'29, it can also be used for 64K-color text expan-
sion.

Extended Write Mode 5: The contents of either GR1[7:0] or GRO[7:0] are
written into each of eight adjacent pixels. The choice between GR1 and GRO
is made for each of the eight pixels according the value of the corresponding
bit of the CPU data. This is summarized in the following table. This mode is
intended for 256-color text expansion where both the foreground and back-
ground are to be written. In the CL-GD5422/°24/'25/'26/'28/'29, it can also be
used for 64K-color text expansion.

CPU Data GRO/GR1 Note
0 GRO Background
1 GR1 Foreground
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7.8 GR6: Miscellaneous Register

I/0 Port Address: 3CF
Index: 6

Bit Description

Reserved

Reserved

Reserved

Reserved

Memory Map [1]
Memory Map [0]

Chain Odd Maps to Even
Graphics Mode

OFRLNWRAUUITO N

This register contains miscellaneous control bits.

Bit Description
74 Reserved
3:2 Memory Map [1:0]: This field specifies the beginning address and size of the
display memory in the Host Address Space. This is summarized in the follow-
ing table:
GR6[3] | GR6[2] | Memory Map | Beginning Address | Length | Mode(s)
0 0 0 A000:0 128K Extended
0 1 1 A000:0 64K EGA/VGA
1 0 2 B000:0 32K Hercules
1 1 3 B800:0 32K CGA
1 Chain Odd Maps to Even: When this bit is programmed to ‘1’, CPU Address

bit 0 is replaced with a higher-order address bit. This causes even host
addresses to access Planes 0 and 2, and odd host addresses to access
Planes 1 and 3. This mode is useful for MDA emulation.

0 Graphics Mode: If this bit is programmed to ‘1’, the CL-GD542X functions in
Graphics (A.P.A.) modes. If this bit is programmed to ‘0", the device functions
in Text (A.N.) modes.
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7.9 GR7: Color Don’t Care Register

I/0 Port Address: 3CF
Index: 7

Bit Description

Reserved

Reserved

Reserved

Reserved

Color Don't Care Plane [3]
Color Don't Care Plane [2]
Color Don’'t Care Plane [1]
Color Don't Care Plane [0]

OFRLNWRAUUITO N

This register is used with GR2 for Read mode 1 accesses.

Bit Description
74 Reserved
3:0 Color Don’t Care Plane [3:0]: These four bits are used to control whether the

four planes are involved in color compares. If a bit is programmed to ‘1’, the
corresponding plane is involved; if a bit is programmed to ‘0’, the correspond-
ing plane is not involved. Refer to the description of GR5 for an overview of the
Read modes.
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7.10 GRS8: Bit Mask Register

I/0 Port Address: 3CF
Index: 8

Bit Description

Write Enable [7]
Write Enable [6]
Write Enable [5]
Write Enable [4]
Write Enable [3]
Write Enable [2]
Write Enable [1]
Write Enable [0]

OFRLNWRAUUITO N

This register is used to control writing to display memory on a bit basis in Write modes 0, 2,

and 3.
Bit Description
7:0 Write Enable [7:0]: Each bit in this register controls whether the correspond-

ing bit in display memory is written in Write modes 0, 2, and 3. If a bit is pro-
grammed to ‘1’, the corresponding bit in display memory is written. If a bit is
programmed to ‘0’, the corresponding bit in display memory is not written. This
write protection is orthogonal to that provided by SR2.
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8. ATTRIBUTE CONTROLLER REGISTERS

The CL-GD542X Attribute Controller registers are summarized in the following table:

Table 8-1. Attribute Controller Registers Quick Reference

Abbreviation Register Name Index Port Page
ARX Attribute Controller Index - 3C0/3C1 8-3
ARO-ARF Attribute Controller Palette O:F 3C0/3C1 8-4
AR10 Attribute Controller Mode 10 3C0/3C1 8-5
AR11 Overscan (Border) Color 11 3C0/3C1 8-7
AR12 Color Plane Enable 12 3C0/3C1 8-8
AR13 Pixel Panning 13 3C0/3C1 8-9
AR14 Color Select 14 3C0/3C1 8-10
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8.1 ARX: Attribute Controller Index Register

I/O Port Address: 3C0O (Write) 3C1 (Read)
Index: —

Bit Description

Reserved

Reserved

Video Enable

Attribute Controller Index [4]
Attribute Controller Index [3]
Attribute Controller Index [2]
Attribute Controller Index [1]
Attribute Controller Index [0]

OFRLNWRAUUITO N

This register is used to specify the register in the Attribute Controller block that is accessed
with the next I/0 read or I/O write to 3C1 or 3CO0, respectively. Observe that the same port
addresses are used for the index and data for the Attribute Controller block, unlike the other
blocks where the Index and Data registers are at different addresses. Alternate writes tog-
gle between index and data. It is possible to read the toggle at CR24, and the index value at

CR26.

Bit Description

7:6 Reserved

5 Video Enable: When this bit is programmed to ‘0’, the screen displays the
color indicated by the Overscan register (AR11). When this bit is programmed
to ‘1’, normal video is displayed.

4:0 Attribute Controller Index [4:0]: This field is the index into the Data registers

in the Attribute Controller block.
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8.2 ARO-ARF: Attribute Controller Palette Registers

I/O Port Address: 3C0O (Write) 3C1 (Read)
Index: O:F

Bit Description

Reserved

Reserved

Secondary Red
Secondary Green/Intensity
Secondary Blue/ Mono
Red

Green

Blue

OFRLNWRAUUITO N

In 16-color Text and Graphics modes, these digital palette entries are chosen by the four
bits of pixel data, and point to Video RAM entries. The Video RAM entries are normally pro-
grammed so that the DAC Outputs reflect these values. That is, the Video RAM is pro-
grammed to simulate standard EGA colors.

Bit Description
7:6 Reserved
5:0 Palette Entries

September 1997 8-4 Copyright 1995 — Cirrus Logic Inc.



True Color Family Technical Reference Manual ATTRIBUTE CONTROLLER REGISTERS

8.3

AR10: Attribute Controller Mode Register

I/O Port Address: 3C0O (Write) 3C1 (Read)

Index: 10

Bit

OFRLNWRAUUITO N

Description

AR14 Video Source Enable
Pixel Double Clock Select
Pixel Panning Compatibility
Reserved

Blink Enable

Line Graphics Enable
Display Type

Graphics Mode

This register contains some miscellaneous control bits for the Attribute Controller.

Bit

Description

7

AR14 Video Source Enable: If this bit is programmed to ‘1’, AR14[1:0] are
used as the source for the Lookup Table Address bits [5:4]. This allows the
rapid selection of four 16-color palettes. If an 8-, 16-, or 24-bit Pixel mode is
chosen, this bit is ignored. If this bit is programmed to ‘0’, the Palette registers
ARO-F[5:4] are used as the source for the LUT Address bits [5:4].

Pixel Double Clock Select: If this bit is programmed to ‘1’, pixels are clocked
on every other clock cycle and ARO-F is bypassed. This is used with mode 13.
The Sequencer Logic operates at twice the pixel rate. If this bit is programmed
to ‘0’, pixels are clocked on every cycle.

Pixel Panning Compatibility: If this bit is programmed to ‘1’, a Line Compare
match in the CRTC forces the output of the Pixel Panning register to ‘0’ until
the next VSYNC occurs. This allows the panning of Screen A without Screen
B. If this bit is programmed to ‘0’, the two parts of a split screen pan together.

Reserved

Blink Enable: If this bit is programmed to ‘1’, character blinking is enabled at
the Vertical Refresh Frequency divided by 32. If this bit is programmed to ‘0’,
character blinking is disabled.

Line Graphics Enable: If this bit is programmed to ‘1’, the ninth bit of a nine-
bit-wide character cell is made the same as the eighth bit for character codes
in the range CO through DF. If this bit is programmed to ‘0’, the ninth bit of nine-
bit-wide character cell is the same as the background.
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8.3 AR10: Attribute Controller Mode Register (cont.)

Bit

Description

1

Display Type: This bit is useful only if the CL-GD542X is in Alphanumeric
(A.N.) modes. If this bit is programmed to ‘1’, the contents of the attribute byte
are treated as MDA-compatible attributes. The following table shows examples
of monochrome attributes:

Blink | Background | Intensity Foreground Hex Attribute
Bit 7 Bit [6:4] Bit 3 Bit [2:0] Code
0 0 0 7 07 Normal
0 0 1 7 OF Intense
0 0 0 1 01 Underline
0 0 1 1 09 Underline
intense
0 7 0 0 70 Reverse
1 7 0 0 FO Blinking
reverse

If this bit is programmed to ‘0", the contents of the attribute byte are treated as
color attributes.

Graphics Mode: If this bit is programmed to ‘1’, the Attribute Controller func-
tions in Graphics (A.P.A.) mode. If this bit is programmed to ‘0’, the Attribute
Controller functions in A.N. modes.
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8.4 AR11: Overscan (Border) Color Register

I/O Port Address: 3C0O (Write) 3C1 (Read)
Index: 11

Bit Description
Reserved
Reserved
Secondary Red
Secondary Green
Secondary Blue
Red

Green

Blue

OFRLNWRAUUITO N

This register points to the entry in the LUT that defines the border color. Typically, the LUT
entries are programmed so that the color defined above is the color that actually results.
The border is defined as that portion of the raster between blanking and active video, on all
four sides. Refer to Figure 6-1 on page 6-5 at register CRO.

Bit Description
7.6 Reserved
5:0 Border Color [5:0]: Either four or six of these bits are used to select the LUT

entry for the border color in CGA and EGA modes.
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8.5 AR12: Color Plane Enable Register

I/O Port Address: 3C0O (Write) 3C1 (Read)
Index: 12

Bit Description
Reserved

Reserved

Video Status Mux [1]
Video Status Mux [0]
Enable Plane [3]
Enable Plane [2]
Enable Plane [1]
Enable Plane [0]

OFRLNWRAUUITO N

This register contains a field that enables the four planes into the Attribute Controller Pal-
ette registers. It also contains a field that chooses the inputs for Diagnostic bits in

STAT[5:4].
Bit Description
7:6 Reserved
5:4 Video Status Mux [1:0]: This field chooses the inputs for the Diagnostic bits
in STAT[5:4] as indicated in the following table:
AR12[5] AR12[4] STAT[5] STAT[4]
0 0 P[2] P[0]
0 1 P[5] P[4]
1 0 P[3] P[1]
1 1 P[7] P[6]
3.0 Enable Color Plane [3:0]: If any bit in this field is programmed to ‘1’, the data

from the corresponding display memory plane is enabled in the choice of the
Attribute Controller Palette register. If any bit in this field is programmed to ‘0’,
the data from the corresponding display memory plane is forced to ‘0’ in the
choice of the Attribute Controller Palette register.
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8.6 AR13: Pixel Panning Register

I/O Port Address: 3C0O (Write) 3C1 (Read)
Index: 13

Bit Description
Reserved
Reserved
Reserved
Reserved

Pixel Panning [3]
Pixel Panning [2]
Pixel Panning [1]
Pixel Panning [O]

OFRLNWRAUUITO N

ATTRIBUTE CONTROLLER REGISTERS

This register specifies the number of pixels the display data that will shift to the left. This
field functions in both the Graphics (A.N.) and Alphanumeric (A.P.A.) modes.

Bit Description
74 Reserved
3:0 Pixel Panning [3:0]: This field specifies the number of pixels the display data
shifts to the left. This field is interpreted as indicated in the following table:
AR13[3:0] Ch:rchliers Cha8rch|:ers Mode 13
0 1 bit left (none) (none)
1 2 bits left 1 bit left -
2 3 bits left 2 bits left 1 bit left
3 4 bits left 3 bits left -
4 5 bits left 4 bits left 2 bits left
5 6 bits left 5 bits left -
6 7 bits left 6 bits left 3 bits left
7 8 bits left 7 bits left -
8-F no shift 1 bit right -

Copyright 1995 — Cirrus Logic Inc. 8-9
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8.7 AR14: Color Select Register

I/O Port Address: 3C0O (Write) 3C1 (Read)
Index: 14

Bit Description
Reserved
Reserved
Reserved
Reserved
Color Bit C [7]
Color Bit C [6]
Color Bit C [5]
Color Bit C [4]

OFRLNWRAUUITO N

This register contains two fields that are involved in the selection of addresses into the LUT.

Bit Description
74 Reserved
3:2 Color Bit C [7:6]: These two bits are concatenated with the six bits from the

Attribute Controller Palette register to form the address into the LUT and to
drive P[7:6]. These bit are ignored in 8-, 16-, and 24-bit Pixel modes.

1:0 Color Bits C [4:5]: If AR10[7] is programmed to ‘1’, these two bits replace the
corresponding two bits from the Attribute Controller Palette register to form the
address into the LUT and to drive P[7:6]. If AR10[7] is programmed to ‘0’,
these two bits are ignored. These bits are ignored in 8-, 16-, and 24-bit Pixel
modes.
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9. EXTENSION REGISTERS

The CL-GD542X Extension registers are summarized in Table 9-1.

Table 9-1. Extension Registers Quick Reference

Abbreviation Register Name Index | Port Page
SR2 Enable Writing Pixel Extension2 2 3C5 5-7

SR6 Unlock ALL Extensions 6 3C5 9-5

SR7 Extended Sequencer Mode 7 3C5 9-6

SR8 EEPROM Control 8 3C5 9-8

SR9 Scratch-Pad 0 9 3C5 9-10
SRA Scratch-Pad 1 A 3C5 9-10
SRB VCLKO Numerator B 3C5 9-11
SRC VCLK1 Numerator C 3C5 9-11
SRD VCLK2 Numerator D 3C5 9-11
SRE VCLKS3 Numerator E 3C5 9-11
SRF DRAM Control F 3C5 9-12
SR10 Graphics Cursor Y Position 10 3C5 9-14
SR11 Graphics Cursor X Position 11 3C5 9-15
SR12 Graphics Cursor Attributes 12 3C5 9-16
SR13 Graphics Cursor Pattern Address Offset 13 3C5 9-17
SR14 Scratch-Pad 2 (CL-GD5425/°26/°28/°29 only) 14 3C5 9-18
SR15 Scratch-Pad 3 (CL-GD5425/°26/'28/°29 only) 15 3C5 9-18
SR16 Performance Tuning (except CL-GD5420) 16 3C5 9-19
SR17 Configuration Readback and Extended Control 17 3C5 9-21

(CL-GD5428/°29 only)
SR18 Signature Generator Control (except CL-GD5420) 18 3C5 9-22
SR19 Signature Generator Result Low Byte (except CL-GD5420) 19 3C5 9-24
SR1A Signature Generator Result High Byte 1A 3C5 9-25
(except CL-GD5420)

SR1B VCLKO Denominator and Post-Scalar Value 1B 3C5 9-26
SR1C VCLK1 Denominator and Post-Scalar Value 1C 3C5 9-26
SR1D VCLK2 Denominator and Post-Scalar Value 1D 3C5 9-26
SR1E VCLK3 Denominator and Post-Scalar Value 1E 3C5 9-26
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Table 9-1. Extension Registers Quick Reference(cont.)

Abbreviation Register Name Index | Port Page
SR1F BIOS ROM Write Enable and MCLK Select 1F 3C5 9-27
GRO Write Mode 5 Background ExtensionP 0 3CF 9-4

GR1 Write Mode 4, 5 Foreground Extension* 1 3CF 9-5

GR9 Offset Register 0 9 3CF 9-29
GRA Offset Register 1 A 3CF 9-31
GRB Graphics Controller Mode Extensions B 3CF 9-32
GRC Color Key (CL-GD5424/°25/°'26/°28/°29 only) C 3CF 9-34
GRD Color Key Mask (CL-GD5424/°25/'26/°28/'29 only) D 3CF 9-35
GRE Miscellaneous Control (CL-GD5425/'28/'29 only) E 3CF 9-36
GR10 16-hit Pixel Background Color High Byte 10 3CF 9-38

(except CL-GD5420)
GR11 16-hit Pixel Foreground Color High Byte 11 3CF 9-39
(except CL-GD5420)

GR18 Extended DRAM Controls (CL-GD5429 only) 18 3CF 9-40
GR20 BLT Width Low (CL-GD5426/°28/'29 only) 20 3CF 9-41
GR21 BLT Width High (CL-GD5426/°28/°29 only) 21 3CF 9-42
GR22 BLT Height Low (CL-GD5426/°28/°29 only) 22 3CF 9-43
GR23 BLT Height High (CL-GD5426/'28/29 only) 23 3CF 9-44
GR24 BLT Destination Pitch Low (CL-GD5426/°28/°'29 only) 24 3CF 9-45
GR25 BLT Destination Pitch High (CL-GD5426/'28/'29 only) 25 3CF 9-46
GR26 BLT Source Pitch Low (CL-GD5426/°28/'29 only) 26 3CF 9-47
GR27 BLT Source Pitch High (CL-GD5426/°'28/°29 only) 27 3CF 9-48
GR28 BLT Destination Start Low (CL-GD5426/'28/°29 only) 28 3CF 9-49
GR29 BLT Destination Start Mid (CL-GD5426/°28/'29 only) 29 3CF 9-50
GR2A BLT Destination Start High (CL-GD5426/'28/°29 only) 2A 3CF 9-51
GR2C BLT Source Start Low (CL-GD5426/°28/°29 only) 2C 3CF 9-52
GR2D BLT Source Start Mid (CL-GD5426/°28/'29 only) 2D 3CF 9-53
GR2E BLT Source Start High (CL-GD5426/'28/°'29 only) 2E 3CF 9-54
GR2F BLT Write Mask Destination (CL-GD5429 only) 2F 3CF 9-55
GR30 BLT Mode (CL-GD5426/°28/'29 only) 30 3CF 9-56
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Table 9-1. Extension Registers Quick Reference(cont.)

True Color Family Technical Reference Manual

Abbreviation Register Name Index | Port Page
GR31 BLT Start/Status (CL-GD5426/°28/'29 only) 31 3CF 9-59
GR32 BLT Raster Operation (CL-GD5426/°28/°29 only) 32 3CF 9-60
GR34 Transparent Color Select Low (CL-GD5426/°28 only) 34 3CF 9-62
GR35 Transparent Color Select High (CL-GD5426/°'28 only) 35 3CF 9-63
GR38 Transparent Color Mask Low (CL-GD5426/°28 only) 38 3CF 9-64
GR39 Transparent Color Mask High (CL-GD5426/°28 only) 39 3CF 9-65
CR19 Interlace End 19 3?5¢ 9-66
CR1A Interlace Control 1A 3?75 9-67
CR1B Extended Display Controls 1B 3?5 9-69
CR1C Sync Adjust and GENLOCK (CL-GD5425 only) 1C 3?5 9-71
CR1D Overlay Mode Controls (CL-GD5425/°29 only) 1D 375 9-73
CR25 Part Status 25 3?5 9-75
CR27 ID 27 3?5 9-76
CR30 TV-Out Mode Control (CL-GD5425 only) 30 3?5 9-77
HDR Hidden DAC (except CL-GD5420) - 3C6 9-80

a. Refer to Chapter 5 (Section 5.4) for the description of this register.
b. Refer to Chapter 7 (Sections 7.2 and 7.3) for the description of these registers.
c. ‘?"in the above register address is ‘B’ in Monochrome mode and ‘D’ in color mode.
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9.1 SR6: Unlock ALL Extensions Register

I/0 Port Address: 3C5
Index: 6

Bit Description Reset State
Don't Care
Don’t Care
Don’t Care
Unlock
Don't Care
Unlock
Unlock
Unlock

OFRLNWRAUUITO N
PRPPRPPOOOO

This register enables or disables access to the Extension registers.

Bit Description

7:0 Extensions Register Access Value: If this field is loaded with ‘xxx1x010’, it is
read as ‘00010010’, and the Extension registers are enabled for read and
write access. If this field is loaded with any other value, it is read as
‘00001111’, and the Extension registers are disabled for read and write
access.

The Extension registers on the CL-GD5429 are always unlocked.
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9.2 SR7: Extended Sequencer Mode Register

I/0 Port Address: 3C5

Index: 7

Bit

OFRLNWRAUIITO N

Description Reset State
Memory Segment 3 (except CL-GD5420) 0
Memory Segment 2 (except CL-GD5420) 0
Memory Segment 1 (except CL-GD5420) 0
Memory Segment 0 (except CL-GD5420) 0
Reserved

Select CRTC Character Clock Divider [1] (except CL-GD5420)
Select CRTC Character Clock Divider [0] (except CL-GD5420)
Select High-Resolution 256-Color (8-bit/pixel)

This register has several purposes; these are described in the following bit descriptions.

Bit

Description

74

Memory Segment Select (Reserved on CL-GD5420): If this field is pro-
grammed to ‘0000’, the CL-GD542X is configured as a standard VGA,
responding to accesses at Axxx:x or Bxxx:x, or both. Refer to the description
of GR6[3:2].

If this field is programmed to any value other than ‘0000, the CL-GD542X is
configured for 1-Mbyte linear addressing. The device responds to any memory
access where Address bits 23:20 match the Memory Segment Select field. If
GRBJ[5] is programmed to ‘1’, the CL-GD5426/28/'29 (only) responds to a
2-Mbyte address range.

The 1-Mbyte Address Range has a one-to-one mapping to the 1 Mbyte of
installed display memory only if there is a full 1 Mbyte of memory installed,
and the device is configured for extended 256-color Chain-4 addressing. If the
device is configured for unchained BY8 or BY16 addressing, or less than 1
Mbyte of display memory is installed, the device responds to the entire
1-Mbyte range, but address wrapping takes place.

If GRBI5] is programmed to ‘1’, the CL-GD5426/28/'29 responds to a 2-Mbyte
address range. In this case, SR7[4] is a don't care; the address range must be
aligned on a 2-Mbyte boundary. When SR7[7:4] is programmed to any odd
value, the next lower Mbyte is used producing uncertain results.

Reserved

September 1997

Select CRTC Character Clock Divider [1:0] (except CL-GD5420): This field
selects the CRTC Character Clock Divider mode, as indicated in the following
table:

SR7[2] | SR7[1] Mode
0 0 Normal Operation
0 1 Clock = 2 for 16 bit/pixel data
1 0 Clock = 3 for 24 bit/pixel data
1 1 16 bit/pixel data at pixel rate (CL-GD5425/'26/'28/'29 only)
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9.2 SR7: Extended Sequencer Mode Register (cont.)

Bit

Description

2:1 (cont.)

Clock + 2 for 16-Bit/Pixel Data: If this mode is selected, the DAC and Video
Shift register is clocked at the VCLK (data byte) rate, and the CRTC is clocked
with a character clock of 8 pixels (16 VCLKSs). This allows the CRTC timing
value for 640 x 480 and 800 x 600 with 16-bit pixels to be programmed in units
of an 8-pixel character clock. CR13 (Offset register) is set to AOh for 640 x 480
mode, and C8h for 800 x 600 mode. This mode is available only if the
CL-GD542X is configured for a 32-bit DRAM interface. The hardware cursor
X-position can be set in pixel units. The cursor is only supported with the inter-
nal DAC and not through the feature connector. The Cursor Data Invert func-
tion operates on the actual 15-, 16-, or 18-bit RGB data presented to the DAC.

Clock = 3 for 24-Bit/Pixel Data: If this mode is selected, the DAC and Video
Shift register is clocked at the VCLK (Data Byte) rate, and the CRTC is clocked
with a character clock of 8 pixels (24 VCLKSs). This allows the CRTC timing
value for 640 x 480 with 24-bit pixels to be programmed in units of an 8-pixel
character clock. CRTC13 (Offset register) is set to FOh. This mode is available
only if the CL-GD542X is configured for a 32-bit DRAM interface. The hard-
ware cursor is not supported in this configuration.

16-Bit/Pixel Data at Pixel Rate: If this mode is selected, the Sequencer pro-
vides 16-bit data to the palette DAC at the displayed pixel rate. This allows 5-5-
5 or 5-6-5 Color modes to the selected with a 1x VCLK. The data at P[7:0] is
only the low-byte of the Pixel Data. The high-byte is not available externally.
This mode provides for 1024 x 768, 5-5-5 or 5-6-5 color with a VCLK equal to
the pixel rate. This mode is available on the CL-GD5425/'26/'28/°29 only.

Select High Resolution 256-color Mode: If this bit is programmed to ‘1’, the
Video Shift registers are configured so that one character clock is equal to
eight pixels. In addition, true packed-pixel memory addressing is enabled. This
is used with all extended resolution packed-pixel modes.

For the CL-GD5429 only, this bit disables the Set/Reset logic. Write mode 0
writes write the CPU data regardless of the value in GR1[3:0]. A video mode
similar to VGA Mode 13 (320 x 200, 256 colors) can be configured by pro-
gramming this bit to ‘1’ (the CRTC registers must be programmed to be con-
sistent with other 40 column modes).

NOTE: In true packed-pixel addressing, consecutive pixels are stored at consecutive
addresses. This is in contrast with Chain-4 addressing where consecutive pix-
els are stored at every fourth address in display memory.
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9.3 SR8: EEPROM Control Register

I/0 Port Address: 3C5

Index: 8

Bit

OFRLNWRAUUITO N

Description

EEPROM Input Data

Disable MCS16* for Display Memory
Latch ESYNC and EVIDEO*

Enable EEPROM Data and SK

DI to EEPROM

SK to EEPROM

Enable EEPROM Data In

CS Out to EEPROM

This register controls the optional configuration EEPROM. In addition, SR8[6] controls
MCS16*. The EEPROM contains configuration data such as monitor timing options. Typi-
cally, the EEPROM is a 1-Kbit serial EEPROM compatible with the NM93C46N. This option
is not available when the CL-GD5424/'26/'28/'29 is configured for the '486 local bus or
VESA VL-Bus because pins 73 and 74 are redefined.

Bit

Description

7

EEPROM Input Data: This read-only bit reflects the state of the EEDI pin (pin
73) if SR8[1] is ‘1'. If SR8[1] is ‘0’, this bit is always read as ‘0.

Disable MCS16* for Display Memory: If this bit is programmed to ‘1’
accesses to display memory do not cause MCS16* to go active. This prevents
interference when two video cards are installed. This bit is meaningful only
when the CL-GD542X is installed on an ISA bus adapter.

For all other configurations, this bit must be programmed to ‘0’. In addition, this
bit must be programmed to ‘0’ when programming BitBLTs using system mem-
ory for either the source or destination.

Latch ESYNC and EVIDEO*: When this bit is programmed to ‘0’, the ESYNC
and EVIDEO* pins are inputs and control the HSYNC, VSYNC, BLANK*, and
the P[7:0] drivers in the normal manner. When this bit is programmed to ‘1, the
input levels on ESYNC and EVIDEO* are latched internally and these latched
levels control the HSYNC, VSYNC, BLANK*, and P[7:0] drivers. This frees the
ESYNC and EVIDEO* pins to control the EEPROM. This bit should be pro-
grammed to ‘1’ prior to setting SR8[4] and programmed to ‘O’ after clearing
SR8[4:0].

Enable EEPROM Data and SK: When this bit is programmed to ‘1’, ESYNC
and EVIDEO* become outputs and reflect the values in SR8[2] and SR8[3],
respectively. When this bit is programmed to ‘0’, ESYNC and EVIDEO* are
inputs.
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9.3 SR8: EEPROM Control Register (cont.)

Bit Description

3 DI to EEPROM: When SR8[4] is programmed to ‘1’, the level on EVIDEO*
reflects the value of this bit. This bit controls the data in (DI) of the EEPROM.

2 SK to EEPROM: When SR8J[4] is programmed to ‘1, the level on ESYNC
reflects the value of this bit. This bit controls SK of the EEPROM.

1 Enable EEPROM Data In: When this bit is programmed to ‘1’, the level on
EEDI (pin 73) is reflected on SR8[7].

0 CS Out to EEPROM: The level on EECS (pin 74) reflects the value of this bit.
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9.4 SR9, SRA: Scratch Pad 0, 1 Registers

I/0 Port Address: 3C5
Index: 9, A

Bit Description Reset State
R/W Data [7]
R/W Data [6]
R/W Data [5]
R/W Data [4]
R/W Data [3]
R/W Data [2]
R/W Data [1]
R/W Data [0]

OFRLNWRAUUITO N
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These two registers are reserved for the exclusive use of the CL-GD542X BIOS, and must
never be written by any application program. They are listed here only for completeness.
The bit assignments are shown in Section 1.3 of Appendix E1, “VGA BIOS Specification”.

Bit Description

7:0 R/W Data[7:0]: These bits are reserved for the Cirrus Logic BIOS.
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9.5 SRB, SRC, SRD, SRE: VCLKO, 1, 2, 3 Numerator Registers

I/0 Port Address: 3C5
Index: B, C, D, E

Bit Description

Reserved

OFRLNWRAUUITO N

VCLK Numerator [6]
VCLK Numerator [5]
VCLK Numerator [4]
VCLK Numerator [3]
VCLK Numerator [2]
VCLK Numerator [1]
VCLK Numerator [0]

These registers, in conjunction with SR1B—SR1E, set the frequency of the video clocks.
Refer to Appendix B8 for complete programming information for the synthesizers.

Bit Description
7 Reserved
6:0 VCLK Numerator [6:0]: The following table shows the values these registers
are loaded with at reset:
Clock Freq. (MHz) N D Numerator Degroer;](i:r;?étr)r/
VCLKO 25.180 102 | 29 66h 3Bh
VCLK1 28.325 91 | 23 5Bh 2Fh
VCLK2 41.165 69 | 24 45h 30h
VCLK3 36.082 126 | 25 7Eh 33h
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9.6 SRF: DRAM Control Register

I/0 Port Address: 3C5

Index: F

Bit

OFRPNWRAMOTO N

Description Reset State
DRAM Bank Select (CL-GD5426/'28/°29 only)

Disable CRT FIFO Fast-Page Detection Mode 0
CRT FIFO Depth Control (except CL-GD5420) 0
DRAM Data Bus Width [1] (except CL-GD5420) 0
DRAM Data Bus Width [0] 0
RAS* Timing: MD[27] (Read-only) CF[11]
MCLK Select [1] (Read-only) CF[10]
MCLK Select [0] (Read-only) CF[9]

This register controls the display memory.

Bit

Description

7

DRAM Bank Select (CL-GD5426/'28/'29 only): If this bit is programmed to
‘1’, the CL-GD5426/'28/'29 is configured for four 256K x 16 DRAMs. OE* (pin
141) is redefined as RAS1*. For more information, refer to Appendix B7,
“Memory Configurations”. This mode is possible with the CL-GD5426/'28/'29
only.

If this bit is programmed to ‘0’, the CL-GD5426/'28/'29 is configured for four
512K x 8 DRAMSs.

Disable CRT FIFO Fast-Page Detection Mode: When this bit is programmed
to ‘1, writes to display memory take place as random cycles. This bit must be
programmed to ‘1’ when loading font data for page-mode font access and
when performing multiple color-expand writes in 16-bit pixel modes. This
avoids CRT FIFO underruns. This mode is required for the CL-GD5422/'24
only.

When this bit is programmed to ‘0’, consecutive writes to display memory are
executed as Fast-page mode writes whenever possible. The reset value of this
bitis‘0’.

CRT FIFO Depth Control (except CL-GD5420): When this bit is programmed
to ‘0", the default CRT FIFO depth is set to eight levels (32 bits/level). This is
typically used for standard video modes and extended 16-color modes.

When this bit is programmed to ‘1’, the CRT FIFO depth is set to 16 levels (64
bytes). This setting should never be used for any text mode. This is typically
used for any 16-bit or 24-bit pixel modes and extended 8-bit pixel modes.

For the CL-GD5429 only, programming this bit to ‘1’ sets the CRT FIFO depth
to 20.
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9.6 SRF: DRAM Control Register (cont.)

Bit

Description

4:3

DRAM Data Bus Width: This two-bit field specifies the display memory Data
bus width according to the following table:

SRF[4] | SRF[3] Data Bus Width Total Memory

0 0 8 bit (CL-GD5420 only) 256K

0 1 16 bit 512K (1 Mbyte for the
CL-GD5420 using 512K x 8
DRAMs)

1 0 32 bit (not available in CL-GD5420) | 1 Mbyte (2 Mbyte for
CL-GD5426/'28/'29)

1 1 Reserved

These bits have one level of buffering. At the end of each horizontal scanline
refresh interval (that is, when Horizontal Blanking begins), these bits are trans-

ferred to the timing logic. This avoids changing the timing logic in the middle of
a scanline.

RAS* Timing MD[27]: This read-only bit indicates the RAS* timing as
selected in CF[11]. This is summarized in the following table:

SRF[2] Pull-down on . L .

CF[11] MD[27] RAS* High RAS* Low Note
0 Yes 3 MCLK 4 MCLK Extended RAS*
1 No 2.5 MCLK 3.5 MCLK Standard RAS*

1:0

MCLK Select (Read only): This two-bit read-only field indicates the default

MCLK frequency as selected in CF[10:9]. This is summarized in the following
table:

SRF[1] SRF[0] Pull-down on Pull-down on Frequency (MHz)
CF[10] CF[9] MD[26] MD[25]

0 0 Yes Yes 50.11363

0 1 Yes No 44.74431

1 0 No Yes 41.16477

1 1 No No 37.58523
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9.7 SR10: Graphics Cursor X Position Register

I/0 Port Address: 3C5
Index: 10, 30, 50, 70, 90, BO, DO, FO

Bit Description Reset State
Cursor X [10]
Cursor X [9]
Cursor X [8]
Cursor X [7]
Cursor X [6]
Cursor X [5]
Cursor X [4]
Cursor X [3]

OFRLNWRAUUITO N
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This register, and bits 7:5 of the index used to access it, define the horizontal (X) pixel offset
of the graphics cursor. Refer to Appendix D3 for more information regarding the graphics
cursor.

The data forms the upper-eight bits of the 11-bit position; bits 7:5 of the index form the
lower-three bits of the 11-bit position. This allows the entire 11-bit cursor offset to be written
in a single 16-bit I/O write. The offset must be placed in AX[15:5], AX[4:0] must be ‘10000’,
and DX must be 03C4. If 10, 30, 50...F0 is written to 3C4 without writing to 3C5 (a byte
write), a read of 3C4 then returns the previously stored three bits of the cursor position.

Bit Description

7:0 Cursor X [10:3]: This 8-hit field forms the upper-eight bits of the 11-bit hori-
zontal offset of the graphics cursor. The index used to access this register
forms the low-order three bits of the 11-bit offset.
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9.8

SR11: Graphics Cursor Y Position Register

I/0 Port Address: 3C5
Index: 11, 31, 51, 71, 91, B1, D1, F1

Bit Description Reset State
CursorY [10]
CursorY [9]
CursorY [8]
CursorY [7]
CursorY [6]
CursorY [5]
CursorY [4]
CursorY [3]

OFRLNWRAUUITO N
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This register, and bits 7:5 of the index used to access it, define the vertical (Y) scanline off-
set of the graphics cursor. Refer to Appendix D3 for more information regarding the graph-
ics cursor.

The data forms the upper-eight bits of the 11-bit position; bits 7:5 of the index form the
lower-three bits of the 11-bit position. This allows the entire 11-bit cursor offset to be written
in a single 16-bit I/O write. The offset must be placed in AX[15:5], AX[4:0] must be ‘10001’,
and DX must be 03C4. If 11, 31, 51...F1 is written to 3C4 without writing to 3C5 (a byte
write), a read of 3C4 then returns the previously stored three bits of the cursor position.

For the CL-GD5424/'26/'28, the hardware cursor cannot be used if CR17[2] (Multiply Verti-
cal Registers by Two) is programmed to ‘1'. The CL-GD5429 does not have this restriction.

When the CL-GD5425 is configured for TV-Out mode, the line compare and cursor vertical
position functions can be used as though interlace and scaling or expansion were not used.
No special software adjustments are required for compatibility between TV and VGA config-
urations.

Bit Description

7:0 Cursor Y[10:3]: This 8-bit field forms the upper-eight bits of the 11-bit horizon-
tal offset of the graphics cursor. The index used to access this register forms
the low-order three bits of the 11-bit offset.
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9.9 SR12: Graphics Cursor Attributes Register

I/0 Port Address: 3C5

Index: 12

Bit

OFRL,NWRAMUIITO N

Description

Overscan Color Protect (CL-GD5424/°25/°26/°28/°29 only)
Reserved

Reserved

Reserved

Reserved

Cursor Size Select (reserved in CL-GD5420)

Allow Access to DAC Extended Colors

Graphics Cursor Enable

This register enables or disables the graphics cursor and sets the size of the palette DAC
LUT entries that define the colors. Refer to Appendix D3 for a complete programming guide
for the Graphics Cursor.

Bit

Description

7

Overscan Color Protect (CL-GD5424/'25/'26/'28/'29 only): If this bit is pro-
grammed to ‘1’, the border color is DAC LUT entry 258. Note that entry 258
can be accessed only if SR12[1] is programmed to ‘1’.

If this bit is programmed to ‘0’, the border color is normal (that is, the contents
of the palette pointed to by AR11). AR11 normally contains ‘0’, and palette
entry ‘0’ normally contains values corresponding to black.

Reserved

Cursor Size Select (reserved in CL-GD5420): If this bit is programmed to ‘0’,
the graphics cursor is 32 x 32 pixels. If this bit programmed to ‘1’, the graphics
cursor is 64 x 64 pixels. This bit must always be programmed to ‘0’ for the
CL-GD5420.

Allow Access to DAC Extended Colors: If this bit is programmed to ‘1’, DAC
LUT entries 256 and 257 are accessible as locations xOh and xFh. Entry 256
is used as the cursor background; entry 257 is used as the cursor foreground.
This provides for a cursor that is completely independent of the display data
colors. Entry 258 is accessible as location x2h, and provides a selected over-
scan color. If this bit is programmed to ‘0’, the DAC LUT is VGA-compatible.

Graphics Cursor Enable: If this bit is programmed to ‘1’, the graphics cursor
is enabled and appears on the screen. If this bit programmed to ‘0’, the graph-
ics cursor is disabled and does not appear on the screen.
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9.10  SR13: Graphics Cursor Pattern Address Offset Register

I/0 Port Address: 3C5

Index: 13

Bit

OFRLNWkAMUIITO N

Description

Reserved

Reserved

Cursor Select [5] (except CL-GD5420)
Cursor Select [4] (except CL-GD5420)
Cursor Select [3] (except CL-GD5420)
Cursor Select [2] (except CL-GD5420)
Cursor Select [1] (except CL-GD5420)
Cursor Select [0] (except CL-GD5420)

This register selects one of 64-cursor patterns (32 x 32 cursor) or one of 16-cursor patterns
(64 x 64 cursor). Refer to Appendix D3 for a complete programming guide for the Graphics

Cursor.

Bit Description

7.6 Reserved

5:0 Cursor Select (32 x 32 Cursor): This six-bit field selects one of 64 possible
cursor patterns stored at the top (highest addressed 16 Kbytes) of display
memory. This definition of these six bits is valid only if SR12[2] is programmed
to ‘0.

5:2 Cursor Select (64 x 64 Cursor) (except CL-GD5420): This 4-bit field selects

one of 16 possible cursor patterns stored at the top (highest addressed 16
Kbytes) of display memory. This definition of these four bits is valid only if
SR12[2] is programmed to ‘1’. SR13[1:0] are ignored in this case.
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9.11  SR14, SR15: Scratch Pad 2, 3 Registers (CL-GD5425/°26/'28/'29 only)

I/0 Port Address: 3C5
Index:14, 15

Bit Description Reset State
R/W Data [7]
R/W Data [6]
R/W Data [5]
R/W Data [4]
R/W Data [3]
R/W Data [2]
R/W Data [1]
R/W Data [0]

OFRLNWRAUUITO N
cNeoNeololNeoloNoNe)

These two registers are reserved for the exclusive use of the CL-GD542X BIOS and must
never be written by any application program. They are listed here only for completeness.

Bit Description

7:0 R/W Data[7:0]: These bits are reserved for the Cirrus Logic BIOS.
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EXTENSION REGISTERS

9.12  SR16: Performance Tuning Register (CL-GD5424/'25/'26/'28/'29 only)

I/0 Port Address: 3C5
Index:16

Bit Description

OFRLNWRAUUITO N

RDY Delay for I/O [1]
RDY Delay for 1/0 [0]
RDY Delay for Memory Write [1]
RDY Delay for Memory Write [0]
FIFO Demand Threshold [3]
FIFO Demand Threshold [2]
FIFO Demand Threshold [1]
FIFO Demand Threshold [0]

Reset State

[cNoNoNol N N -

This register controls the delay from ADS# to RDY#, and the threshold where the CRT
FIFO is refilled. This register is defined only for the CL-GD5424/'25/°26/'28/'29. This register
must never be written by an application program. It is listed here for completeness only.

Bit Description

7:6 RDY Delay for 1/0 [1:0]: This field controls the delay from ADS# to RDY# for
I/O cycles. This field applies only when the CL-GD5424/'25/'26/'28/'29 is con-
figured for local bus. The following table summarizes the values:

SR16[7] SR16[6] CPU1X Clock Delay Note
0 0 1
0 1 1
1 0 2
1 1 2 Default
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9.12 SR16: Performance Tuning Register (CL-GD5424/25/°26/'28/'29 only) (cont.)

Bit

Description

54

RDY Delay for Memory Write [1]: This field controls the delay from ADS# to
RDY# for memory write cycles. This field applies only when the CL-GD5424/
'25/'26/°'28/°'29 is configured for local bus. The following table summarizes the
values:

CPU1X Clock Delay

SRI6[5] | SRI6M4] | | Gpsanar2s/26/28

CL-GD5429 Note

0 0 2 1
0 1 3 2
1 0 4 3
1 1 5 4 Default

The value programmed into this field must satisfy the following inequality:

ClockDelay x CPUCIlockPeriod>3 x MCLKPeriod + 2ns

3:0

FIFO Demand Threshold [3:0]: The value written to this field selects the level
at which the Sequencer begins cycles to refill the CRT FIFO (and thereby hold
off CPU cycles or preempt Fast-page mode BLT cycles).

For each video mode and MCLK frequency, there is an optimum value that
most efficiently uses the DRAM. These values are automatically programmed
by the Cirrus Logic BIOS.

When the CL-GD5425 is programmed for TV-Out modes with flicker filter or
480-400 scaling enabled, this field must be programmed to the value ‘0010’
When the CL-GD5425 is programmed for NTSC modes 11h or 12h, this field
must be programmed to the value ‘0001’".

September 1997

9-20 Copyright 1995 — Cirrus Logic Inc.



True Color Family Technical Reference Manual EXTENSION REGISTERS

9.13  SR17: Configuration Readback and Extended Control Register
(Except CL-GD5420)

I/0 Port Address: 3C5

Index:17

Bit Description Reset State
7 Reserved

6 Memory-Mapped I/O Address (CL-GD5429 only)

5 System Bus Select [2]: MD30 (Read-only) CF[14]

4 System Bus Select [1]: MD23 (Read-only) CF[7]

3 System Bus Select [0]: MD21 (Read-only) CF[5]

2 Enable Memory-Mapped I/O (CL-GD5429 only)

1 Power-down Palette Memory (CL-GD5429 only)

0 Shadow DAC Writes on Local Bus 1

This register contains a read-only field that allows the BIOS to determine the bus type. In
addition, bit O can be used to control DAC shadowing.

Bit Description
7 Reserved
6 Memory-Mapped I/O Address (CL-GD5429 only): If either memory-mapped

I/O or linear addressing is not enabled, this bit is ignored. If linear addressing
and memory-mapped I/O are both enabled, this bit has the following meaning:
If this bit is programmed to ‘0’, the address space for memory-mapped I/O is
256 bytes beginning at B800:0. If this bit is programmed to ‘1’, the address
space for memory-mapped I/O is the last 256 bytes of the 2 Mbytes of linear
address space.

5:3 System Bus Select [2:0] (read-only): This read-only field reflects Configura-
tion bits CF[14, 7, 5], the System Bus Select bits. See Appendix B9 for the def-
inition of these bits. This field is intended for use by the Cirrus Logic BIOS.

2 Enable Memory-Mapped I/O (CL-GD5429 only): If this bit is programmed to
‘0’, memory-mapped I/O is not enabled. If this bit is programmed to ‘1’, the BLT
registers (GRO, GR1, GR10-11, and GR20-32) are addressed as a 256-byte
block of memory. This allows faster accesses. See Appendix B20, “Memory-
Mapped I/0”, for more information.

1 Power-down Palette Memory (CL-GD5429 only): If this bit is programmed to
‘0’, the DAC palette memory (SRAM) is clocked and functions normally. If this
bit is programmed to ‘1’, the DAC palette memory is not clocked. This reduces
power in the device.

0 Shadow DAC Writes on Local Bus: If this bit is programmed to ‘0’, writes to
the internal DAC return LBA# and RDY# normally. If this bit is programmed to
‘1’, writes to the DAC addresses accept data, but do not return LBA# or RDY#,
causing the write to be passed on to an external DAC on the ISA bus. The
reset state of this bit is ‘1’. Reads to the DAC addresses always operate nor-
mally.
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9.14 SR18: Signature Generator Control Register (Except CL-GD5420)

I/0 Port Address: 3C5

Index:18

Bit

OFRL,NWRAUUITO N

Description

Disable MCLK Driver (CL-GD5424/'25/°26/°28/°29 only)

Disable DCLK/Pixel Bus Drivers (CL-GD5424/°25/°26/°28/°29 only)
Enable Data Generator (CL-GD5428/°29 only)

Pixel Bus Select [2]

Pixel Bus Select [1]

Pixel Bus Select [0]

Reset Signature Generator

Signal Generator Enable/Status

This register controls and monitor the status of the Signature Generator. The CL-GD542X
Signature Generator is used for board-level testing of the video sub-system. Refer to
Appendix B11 for a complete description of the Signature Generator.

Bit

Description

7

Disable MCLK Driver (CL-GD5424/'25/'26/'28/'29 only): If this bit is pro-
grammed to ‘1’, the MCLK driver is disabled. This is intended for testing. If this
bit is programmed to ‘0’, the MCLK driver operates normally.

Disable DCLK/Pixel Bus Drivers (CL-GD5424/'25/'26/'28/'29 only): If this
bit is programmed to ‘1’, the DCLK and Pixel bus drivers are disabled. This is
intended for testing. If this bit is programmed to ‘0’, the DCLK and Pixel bus
drivers operate normally.

In addition, if the CL-GD5428/'29 is programmed for Video Overlay, program-
ming this bit to a ‘1’ forces the overlay data to come from the frame buffer
instead of the Pixel bus. This is useful for changing the mode from VGA-LUT
to, for example, 3-3-2 RBG. For more information, see Appendix B14, “Video
Overlay and DAC Mode Switching”.

Enable Data Generator (CL-GD5428/'29 only): If this bit is programmed to
‘1’, pseudo-random data is placed on the Memory Data bus. This is used in
conjunction with the Signature Generator for factory testing only.
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EXTENSION REGISTERS

9.14 SR18: Signature Generator Control Register (Except CL-GD5420) (cont.)

Bit Description
4:2 Pixel Bus Select [2:0]: This field selects the bit of the Pixel bus used as the
input for the Signature Generator according to the following table:
SR18[4] SR18[3] SR18[2] P-Bus Bit
0 0 0 P[0]
0 0 1 P[1]
0 1 0 P[2]
0 1 1 P[3]
1 0 0 P[4]
1 0 1 P[5]
1 1 0 P[6]
1 1 1 P[7]
1 Reset Signature Generator: When this bit is programmed to ‘1’, the Signa-

ture Generator is reset to an initial, defined condition. When this bit is pro-
grammed to ‘0", the Signature Generator is allowed to run under the control of

SR18[0].

0 Signature Generator Enable/Status: When this bit is programmed to ‘1’, the
Signature Generator begins operation on the next VSYNC. It accumulates a
signature from the Pixel Bus bit chosen by SR18[4:2] for one video frame and
then stop, forcing this bit to ‘0’. The program can determine when the signature
is complete by monitoring this bit.
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9.15 SR19: Signature Generator Result Low Byte Register (Except CL-GD5420)

I/0 Port Address: 3C5
Index: 19

Bit Description Reset State
Signhature Generator Result [7]
Signhature Generator Result [6]
Signature Generator Result [5]
Signature Generator Result [4]
Signature Generator Result [3]
Signature Generator Result [2]
Signature Generator Result [1]
Signature Generator Result [0]

OFRLNWRAUUITO N
eNeoNoNoNeolNoNoNo)

This register reads the low-order byte of the Signature Generator result. The CL-GD542X
Signature Generator is used for board-level testing of the video sub-system. Refer to
Appendix B11 for a complete description of the Signature Generator.

Bit Description

7:0 Signature Generator Result [7:0]
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9.16 SR1A: Signature Generator Result High Byte Register (Except CL-GD5420)

I/0 Port Address: 3C5
Index: 1A

Bit Description Reset State
Sighature Generator Result [15]
Signhature Generator Result [14]
Signature Generator Result [13]
Signature Generator Result [12]
Signature Generator Result [11]
Sighature Generator Result [10]
Signhature Generator Result [9]

Signature Generator Result [8]

OFRLNWRAUUITO N
cNeoNoNoNoloNoNe)

This register reads the high-order byte of the Signature Generator result. The CL-GD542X
Signature Generator is used for board-level testing of the video subsystem. Refer to Appen-
dix B11 for a complete description of the Signature Generator.

Bit Description

7:0 Signature Generator Result [15:8]
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9.17 SR1B, SR1C, SR1D, SR1E: VCLK Denominator and Post Scalar
Value Registers

I/0 Port Address: 3C5
Index: 1B, 1C, 1D, 1E

Bit Description

VCLK Denominator [6] (CL-GD5425 only)
VCLK Denominator [5] (CL-GD5425 only)
VCLK Denominator [4]

VCLK Denominator [3]

VCLK Denominator [2]

VCLK Denominator [1]

VCLK Denominator [0]

VCLK Post Scalar (+2)

OFRNWMOUIITO N

This register, in conjunction with SRB, determines the frequency of video clock 0 (VCLKO).
Refer to Appendix B8 for complete programming information for the synthesizers. The reset
values for these four registers are shown in the table in the VCLK Numerator.

Bit Description

7:6 Reserved: For the CL-GD5425 only, these two bits extend the Denominator
field to 7 bits.

5:1 VCLK Denominator [4:0]

0 VCLK Post Scalar (+2)
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9.18 SR1F: BIOS ROM Write Enable and MCLK Select Register
(CL-GD5424/'25/'26/'28/'29 only)

I/0 Port Address: 3C5

EXTENSION REGISTERS

Index: 1F

Bit Description Reset State

7 Reserved 0

6 Use MCLK as VCLK (CL-GD5428/'29 only) 0

5 MCLK Frequency [5] 0

4 MCLK Frequency [4] (Refer to MCLK Table below)
3 MCLK Frequency [3] (Refer to MCLK Table below)
2 MCLK Frequency [2] (Refer to MCLK Table below)
1 MCLK Frequency [1] (Refer to MCLK Table below)
0 MCLK Frequency [0] (Refer to MCLK Table below)

This register is defined only for the CL-GD5424/'25/26/'28/'29. It allows the MCLK fre-
guency to be programmed. This register should never be programmed by an applications
program; it is listed for completeness only.

Bit Description
7 Reserved:
6 Use MCLK as VCLK (CL-GD5428/'29 only): If this bit is programmed to ‘0’,

the VCLK Synthesizer operates normally. If this bit is programmed to ‘1", VCLK
is derived from MCLK as follows:

SR1F[6]

SR1E[0]

VCLK Source

0

X

VCLK (Normal Operation)

1

0

VCLK = MCLK

1

1

VCLK =MCLK +2
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9.18 SR1F: BIOS ROM Write Enable and MCLK Select Register
(CL-GD5424/'25/°26/'28/'29 only) (cont.)

Bit

Description

5:0

MCLK Frequency [5:0]: This field directly programs the MCLK frequency as
indicated in the following equation:
MCLK = Reference = 8 x SR1F[5:0]

=1.79 x SR1F[5:0], assuming a reference frequency of 14.3 MHz.
This field can be programmed with any value from 4 to 28 (decimal). The
CL-GD5429 can be programmed to any value to 33 (decimal). Refer to Appen-
dix B7 for information regarding the DRAM specification requirements for vari-
ous MCLK frequencies. The following table shows examples assuming a
reference frequency of 14.31818 MHz:

(Sgelcﬁg‘:’;?)] SR(lHFe[XS):O] MCLK Frequency Corresponding CF[10:9]
21 15 37.585 MHz 11
23 17 41.165 MHz 10
25 19 44.744 MHz 01
28 1C 50.114 MHz 00
32 20 57.273 MHz -
34 22 60.852 MHz -

NOTE: The appearance of any frequency above 50 MHz in this table is not to be
taken as a guarantee that any particular Cirrus Logic product will operate at
that frequency, or that DRAMs are available that support that frequency.
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9.19

GR9: Offset Register 0

I/0 Port Address: 3CF

Index:9

Bit

OFRLNWRAUUITO N

Description
Offset 0 [7]
Offset 0 [6]
Offset 0 [5]
Offset 0 [4]
Offset 0 [3]
Offset 0 [2]
Offset 0 [1]
Offset 0 [0]

EXTENSION REGISTERS

OO OO0 O0OO0OO0o

Reset State

This register provides access to up to 1 Mbyte of display memory with 4-Kbytes granularity
or 2 Mbytes of display memory with 16-Kbytes granularity. The contents of this register are
added to A[19:12] when GRBJ[0] is programmed to ‘0’, GRBJ0] is programmed to ‘1", and
SA15 = 0. For the CL-GD5426/'28 only, if GRB[5] is programmed to ‘1’, bits 6:0 of this regis-
ter are added to A[20:14] to provide access to up to 2 Mbytes of display memory with 16-
Kbytes granularity.

The Display Memory Address, prior to being modified by address wrap controls, is called
XMA. It is the sum of XA and an Offset register. XA is the address on the bus with bits 16
and 15 possibly forced to ‘0’ as indicated in the following table:

Offset 1 Enabled: GRB[0] =1

Configuration XA[16] XA[15] XA[14:0]
128K Memory: GR6[3:2] = 0,0 SA[16] SA[15] SA[14:0]
64K Memory: GR6[3:2] = 0,1 AND'ed 0 SA[15] SA[14:0]
Offset 1 Disabled: GRB[0] =0
64K Memory: GR6[3:2] = 0,1 OR’ed 0 SA[14:0]

The XA address is summed with the contents of an Offset register with one of three relative
alignments according to the configuration. These are indicated in the three diagrams that

follow:

1 Mbyte Memory, 4-Kbyte Granularity, VGA Mapping

0 0 0 XA[16] | XA[15] | SA[14] | SA[13] | SA[12]

+OFF[7] | OFF[6] | OFF[5] | OFF[4[ | OFF[3] | OFF[2] | OFF[1] | OFF0]

XMA[19] | XMA[18] | XMA[17] | XMA[16] | XMA[15] | XMA[14] | XMA[13] | XMA[12]
Copyright 1995 — Cirrus Logic Inc. 9-29
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9.19 GR9: Offset Register 0 (cont.)
2 Mbyte Memory, 16-Kbyte Granularity, VGA Mapping

0 0 0 0 XA[16] | XA[15] | SA[14] | SA[13] | SA[12]

+OFF[6] | OFF[5] | OFF[4] | OFF[3] | OFF[2] | OFF[1] | OFF[0] |0 0

XMA[20] | XMA[19] | XMA[18] | XMA[17] | XMA[16] | XMA[15] | XMA[14] | XMA[13] | XMA[12]

1 or 2 Mbyte Memory, 16-Kbyte Granularity, Linear Addressing

LA[20] | LA[19] | LA[18] | LA[17] | SA[16] | SA[15] | SA[14] | SA[13] | SA[12]

+OFF[6] | OFF[5] | OFF[4] | OFF[3] | OFF[2] | OFF[1] | OFF[0] | O 0

XMA[20] | XMA[19] | XMA[18] | XMA[17] | XMA[16] | XMA[15] | XMA[14] | XMA[13] | XMA[12]

NOTE: Refer to Appendix D1 for programming notes regarding extended addressing.

Bit Description

7.0 Offset 0 [7:0]: This value is added to A[19:12] to provide the address into dis-
play memory. This Offset register is selected when GRBJ[0] is programmed to
‘0’, or when GRBJQ] is ‘1’ and SA15 = 0.
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9.20 GRA: Offset Register 1

I/0 Port Address: 3CF
Index: A

Bit Description Reset State
Offset 1 [7]
Offset 1 [6]
Offset 1 [5]
Offset 1 [4]
Offset 1 [3]
Offset 1 [2]
Offset 1 [1]
Offset 1 [0]

OFRLNWRAUUITO N
OO OO0 O0OO0OO0o

This register provides access to up to 1 Mbyte of display memory with 4-Kbytes granularity.
The contents of this register are added to A[19:12] when GRB[0] is programmed to ‘1’ and
SA15 = 1. For the CL-GD5426/'28/'29 only, if GRB[5] is programmed to ‘1, bits 6:0 of this
register are added to A[20:14] to provide access to up to 2 Mbytes of display memory with
16-Kbytes granularity.

Bit Description

7.0 Offset 1 [7:0]: This value is added to A[19:12] to provide the address into dis-
play memory. This Offset register is selected when GRBJ[0] is programmed to
‘1’and SA15 = 1. If GRB[0] is programmed to ‘0’, this register is unused.
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9.21  GRB: Graphics Controller Mode Extensions Register

I/0 Port Address: 3CF

Index: B

Bit

OFRLNWRAUIITO N

Description

Reserved

Reserved

Offset Granularity (CL-GD5426/'28/'29 only)
Enable Enhanced Writes for 16-bit pixels
Enable Eight Byte Data Latches

Enable Extended Write Modes

Enable BY8 Addressing

Enable Offset Register 1

This register enables or disables extended write modes. These extended modes provide
enhanced performance.

Bit

Description

7.6

Reserved

5

Offset Granularity (CL-GD5426/'28/'29 only): This bit is defined for the
CL-GD5426/°28/'29 only. If this bit is programmed to ‘1’, the Offset registers
are redefined as containing bits [6:0] added to Address bits [20:14] to provide
access to 2 Mbytes of display memory with 16-Kbytes granularity. SR7[4] (low-
order bit of 1-Mbyte address page) becomes a don't care.

Enable Enhanced Writes for 16-bit pixels: When this bit and GRBJ[2] are
both programmed to ‘1’, the CL-GD542X executes enhanced Write mode 4
and 5 writes. In particular:

* BY16 Addressing Enabled: The system address is shifted by four, relative
to true packed-pixel addressing, so that each system byte address points to a
different 8-pixel (16-byte) block in display memory.

* 16 Byte Transfer Enabled: Up to 16 bytes (8 pixels) can be written into dis-
play memory for each CPU byte transfer.

* GR10 and GR11 Enabled: GR10 and GR11 are enabled as foreground and
background color extensions.

¢ SR2 Doubling Enabled: Each bit of SR2 is used as a pixel write mask for
two bytes (one pixel).

Enable Eight Byte Data Latches: If this bit is programmed to ‘1’, the display
memory latches are 8 bytes wide, rather than the normal four.
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9.21 GRB: Graphics Controller Mode Extensions Register (cont.)

Bit

Description

2

Enable Extended Write Modes: If this bit is programmed to ‘1, the
CL-GD542X executes extended mode write. In particular:

* 8-Byte Transfer Enabled: Up to 8 bytes (8 pixels) can be written into dis-
play memory for each CPU byte transferred. If GRB[4] is programmed to ‘1’
up to 16 bytes can be written for color expansion.

®* GR5[2] Enabled: Extended Write modes 4 and 5 can be enabled.
* GRO Extended: register GRO is extended from 4 to 8 bits.
* GR1 Extended: register GR1 is extended from 4 to 8 bits.
* SR2 Extended: register SR2 is extended from 4 to 8 bits.

* GRB[4] Enabled: GRB[2] must be programmed to ‘1’ to enable GRB[4].
NOTE: For the CL-GD5426/'28/'29, programming this bit from ‘1’ to ‘0’ clears
GRO[7:4] and GR1[7:4] to ‘O".

Enable BY8 Addressing: The system address is shifted by three, relative to
true packed-pixel addressing, so that each system byte address points to a
different 8-pixel (8-byte) block in display memory. If GRB[4] is programmed to
‘1’, this bit must be programmed to ‘0’

Enable Offset Register 1: If this bit is programmed to ‘1’, SA15 chooses
between Offset register 0 and 1. If this bit is programmed to ‘0’, Offset register
0 is always chosen regardless of the value of SA15. For 1 Mbyte of linear
addressing, this bit must always be programmed to ‘0’.
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9.22 GRC: Color Key Compare Register (CL-GD5424/'25/'26/'28/'29 only)

I/0 Port Address: 3CF
Index: C

Bit Description Reset State
Color Key Compare [7]
Color Key Compare [6]
Color Key Compare [5]
Color Key Compare [4]
Color Key Compare [3]
Color Key Compare [2]
Color Key Compare [1]
Color Key Compare [0]

ORrNWAOUO O
RPRRPRRRRRR

This register contains an 8-bit value that is compared to the video data. A match, when
Mode Switching 10 or 11 is chosen, causes the pixel to be replaced with data from the fea-
ture connector. Refer to Appendix B14, “Video Overlay and DAC Mode Switching”.

Bit Description

7:0 Color Key Compare [7:0]: This value is the color key used with Mode Switch-
ing 10 and 11. Refer to Appendix B14.
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9.23  GRD: Color Key Compare Mask Register (CL-GD5424/'25/°26/'28/'29 only)

I/0 Port Address: 3CF
Index: D

Bit Description Reset State
Color Key Compare Mask [7]
Color Key Compare Mask [6]
Color Key Compare Mask [5]
Color Key Compare Mask [4]
Color Key Compare Mask [3]
Color Key Compare Mask [2]
Color Key Compare Mask [1]
Color Key Compare Mask [0]

OFRLNWRAUUITO N
cNoNoNoNoNeNeNo)

This register contains an 8-bit mask where the color key compare is made. ‘1’ causes the
corresponding bit to not participate in the compare. Refer to Appendix B14, “Video Overlay
and DAC Mode Switching”.

Bit Description

7:0 Color Key Compare Mask [7:0]: This value is the mask where the color key
compare is made. Refer to Appendix B14.
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9.24  GRE: Miscellaneous Control Register (CL-GD5425/'28/'29 only)

I/0 Port Address: 3CF

Index: E
Bit

OFrRLNWMOTO N

Description

Write-protect Timing Registers (CL-GD5429 only)
Reserved

DAC Current Reference Adjust (CL-GD5425 only)
System Level Power Management (CL-GD5429 only)
Static Clock (CL-GD5429 only)

Static VSYNC (CL-GD5425/°29 only)

Static HSYNC (CL-GD5425/°29 only)

DCLK Output (+2)

This register contains bits relating to power management. For the CL-GD5425 only, bit 7
write-protects the registers that control sync timing.

Bit

Description

7

Write-protect Timing Registers (CL-GD5425 only): When this bit is pro-
grammed to ‘1’, the following registers are write protected: MISC (3C2), CRO
through CR9, CR10, CR11, CR12, CR15, and CR16. I/O writes are acknowl-
edged by the device (for example, LBA# is generated for the VESA VL-Bus)
and /O reads take place normally. This bit does not lock CR1, CR9, or
MISC[2] if SR1[3] is set to ‘0. This bit does lock CR11[7].

When this bit is programmed to ‘0’, the registers can be written normally. This
bit is functionally OR’ed with CR11[7]. If either bit is programmed to ‘1’, the
respective registers are write protected.

Reserved

DAC Current Reference Adjust (CL-GD5425 only): This bit should be set to
‘1’ for the case of TV output when a VGA monitor is connected. This increases
the DAC output current to compensate for the additional load imposed by the
monitor. This bit should be set to ‘1’ for the case of VGA output. This bit should
be set to ‘0’ for the case of TV output when a VGA monitor is not connected.

System Level Power Management (CL-GD5429 only): If this bit is pro-
grammed to ‘1’, host access to the display memory is disabled (see MISCJ[1])
and screen refresh is disabled (see SR1[5]). This bit must be programmed to
‘1’ prior to programming GRE[3] to a ‘1’, and must be programmed to ‘0’ after
programming GRE[3] to a ‘0’. The MCLK and VCLK VCOs continue to operate
at their programmed frequencies, but reduce the power.
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9.24 GRE: Miscellaneous Control Register (CL-GD5425/°28/'29 only) (cont.)

Bit

Description

3

Static Clock (CL-GD5429 only): If this bit is programmed to ‘1, the
CL-GD5429 is placed in Static Clock mode. VCLK and MCLK are gated off so
that the device does not dissipate any dynamic power. The RAMDAC is pow-
ered down; DRAM refresh continues.

NOTE: When the device is in Static Clock mode, memory accesses are not possible.
The only host access that is allowed is an I/O cycle to remove the device from
Static Clock mode.

Static VSYNC (CL-GD5425/'29 only): If this bit is programmed to ‘1’, the
VSYNC output is static. The level is as programmed in MISC[7]. In addition,
the RAMDAC is powered down.

If this bit is programmed to ‘0’, the VSYNC pin functions as programmed by the
CRTC registers. See Appendix B21, “Power Management”, for detailed infor-
mation regarding ‘green computing’.

Static HSYNC (CL-GD5425/'29 only): If this bit is programmed to ‘1’, the
HSYNC output is static. The level is as programmed in MISCJ[6]. In addition,
the RAMDAC is powered down.

If this bit is programmed to ‘0’, the HSYNC pin functions as programmed by
the CRTC registers. See Appendix B21, “Power Management”, for detailed
information regarding ‘green computing’.

DCLK Output (+2): If this bit is programmed to ‘0’, the CL-GD542X operates
normally. If this bit is programmed to ‘1’, the CL-GD5425/'28/'29 simulates
external DAC Clocking mode 1. The rising edge of DCLK can be used to clock
the low byte of 16-bit data; the falling edge of DCLK can be used to clock the
high byte of 16-bit data.
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9.25 GR10: 16-bit Pixel Background Color High Byte Register

I/0 Port Address: 3CF

Index: 10

Bit

OFRLNWRAUUITO N

Description
Background Color [15]
Background Color [14]
Background Color [13]
Background Color [12]
Background Color [11]
Background Color [10]
Background Color [9]
Background Color [8]

This register contains the high-order 8 bits of the extended background color for Extended
Write mode 5 and color expanded BitBLT operations.

Bit

Description

7:0

Background Color [15:8]: These are the high-order 8 bits of the background

color for Write mode 5.

September 1997

9-38

Copyright 1995 — Cirrus Logic Inc.



True Color Family Technical Reference Manual EXTENSION REGISTERS

9.26 GR11: 16-bit Pixel Foreground Color High Byte Register

I/0 Port Address: 3CF
Index: 11

Bit Description
Foreground Color [15]
Foreground Color [14]
Foreground Color [13]
Foreground Color [12]
Foreground Color [11]
Foreground Color [10]
Foreground Color [9]
Foreground Color [8]

OFRLNWRAUUITO N

This register contains the high-order 8 bits of the extended foreground color for Extended
Write mode 5 and 4 and color expanded BitBLT operations.

Bit Description

7:0 Foreground Color [15:8]: These are the high-order 8 bits of the foreground
color for Extended Write modes 5 and 4.
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9.27  GR18: Extended DRAM Controls (CL-GD5429 only)
I/0 Port Address: 3CF
Index: 18

Bit Description Reset State
Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Enhanced Write Following Read Timing
Enhanced WE* Active Delay

OFR,NWRAMUIITO N

[oNe]

This register contains bits for DRAM timing controls. This register is reset to ‘0’. This regis-
ter should be programmed to ‘3’ at POST time and should remain unchanged thereafter.
This register is implemented on the CL-GD5429 only.

Bit Description
7:2 Reserved
1 Enhanced Write Following Read Timing: If this bit is programmed to ‘0’,

there is a 3-MCLK delay of a write CAS* that follows a read CAS*. If this bit is
programmed to a ‘1’, there is a 2-MCLK delay of a write CAS* that follows a
read CAS*.

0 Enhanced WE* Active Delay: If this bit is programmed to ‘0’, there is a two
MCLK delay of WE* following a read cycle. If this bit is programmed to ‘1’,
there is a 1-MCLK delay of WE* following a read cycle.
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9.28  GR20: BLT Width Low Register (CL-GD5426/'28/'29 only)

I/0 Port Address: 3CF
Index: 20

Bit Description

BLT Width [7]
BLT Width [6]
BLT Width [5]
BLT Width [4]
BLT Width [3]
BLT Width [2]
BLT Width [1]
BLT Width [0]

OFRLNWRAUUITO N

This register contains the low-order 8 bits of the 11-bit value specifying the width-1, in
bytes, of the areas involved in a BitBLT. Refer to Appendix D8, “BitBLT Engine™*.

Bit Description

7:0 BLT Width [7:0]: This field is the low-order 8 bits of the BLT width. Refer to
Appendix D8.

*NOTE: For Sections 9.27 through 9.49 refer to Appendix D8, “BitBLT Engine”, for additional

detailed information.
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9.29  GR21: BLT Width High Register (CL-GD5426/'28/'29 only)

I/0 Port Address: 3CF
Index: 21

Bit Description
Reserved
Reserved
Reserved
Reserved
Reserved

BLT Width [10]
BLT Width [9]
BLT Width [8]

OFRLNWRAUUITO N

This register contains the high-order 3 bits of the 11-bit value specifying the width-1, in
bytes, of the areas involved in a BitBLT.

Bit Description
7:3 Reserved
2:0 BLT Width [10:8]: This field is the high-order 3 bits of the BLT width.
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9.30 GR22: BLT Height Low Register (CL-GD5426/°28/'29 only)

I/0 Port Address: 3CF
Index:; 22

Bit Description

BLT Height [7]
BLT Height [6]
BLT Height [5]
BLT Height [4]
BLT Height [3]
BLT Height [2]
BLT Height [1]
BLT Height [0]

OFRLNWRAUUITO N

This register contains the low-order 8 bits of the 10-bit value specifying the height-1, in
scanlines, of the areas involved in a BitBLT. This register is double-buffered.

Bit Description

7:0 BLT Height [7:0]: This field is the low-order 8 bits of the BLT height.
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9.31

GR23: BLT Height High Register (CL-GD5426/'28/'29 only)

I/0 Port Address: 3CF
Index: 23

Bit Description
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved

BLT Height [9]
BLT Height [8]

OFRLNWRAUUITO N

This register contains the high-order 2 bits of the 10-bit value specifying the height-1, in
scanlines, of the areas involved in a BitBLT. This register is double-buffered.

Bit Description
7:2 Reserved
1:0 BLT Height [9:8]: This field is the high-order 2 bits of the BLT height.

September 1997 9-44 Copyright 1995 — Cirrus Logic Inc.



True Color Family Technical Reference Manual EXTENSION REGISTERS

9.32  GR24: BLT Destination Pitch Low Register (CL-GD5426/°28/'29 only)

I/0 Port Address: 3CF
Index: 24

Bit Description

BLT Destination Pitch [7]
BLT Destination Pitch [6]
BLT Destination Pitch [5]
BLT Destination Pitch [4]
BLT Destination Pitch [3]
BLT Destination Pitch [2]
BLT Destination Pitch [1]
BLT Destination Pitch [0]

OFRLNWRAUUITO N

This register contains the low-order 8 bits of the 12-bit (13-bit for CL-GD5429 only) value
specifying the destination pitch (that is, the scanline-to-scanline byte address offset) of the
areas involved in a BitBLT.

Bit Description
7:0 BLT Destination Pitch [7:0]: This field is the low-order 8 bits of the BLT desti-
nation pitch.
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9.33 GR25: BLT Destination Pitch High Register (CL-GD5426/'28/°29 only)

I/0 Port Address: 3CF
Index: 25

Bit Description

Reserved

Reserved

Reserved

BLT Destination Pitch [12] (CL-GD5429 only)
BLT Destination Pitch [11]

BLT Destination Pitch [10]

BLT Destination Pitch [9]

BLT Destination Pitch [8]

OFRLNWRAUIITO N

This register contains the high-order 4 bits (5 bits for CL-GD5429) of the 12-bit (13-bit for
the CL-GD5429) value specifying the destination pitch (that is, the scanline-to-scanline byte
address offset) of the areas involved in a BitBLT.

Bit Description
75 Reserved
4 BLT Destination Pitch [12] (CL-GD5429 only): This is the high-order bit of

the BLT destination pitch.

3:0 BLT Destination Pitch [11:8]: This field is the high-order 4 bits of the BLT
destination pitch. Bit 4 is also used for the CL-GD5429.
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9.34  GR26: BLT Source Pitch Low Register (CL-GD5426/'28/'29 only)

I/0 Port Address: 3CF
Index: 26

Bit Description

BLT Source Pitch [7]
BLT Source Pitch [6]
BLT Source Pitch [5]
BLT Source Pitch [4]
BLT Source Pitch [3]
BLT Source Pitch [2]
BLT Source Pitch [1]
BLT Source Pitch [0]

OFRLNWRAUUITO N

This register contains the low-order 8 bits of the 12-bit (13-bit for the CL-GD5429) value
specifying the source pitch (that is, the scanline-to-scanline byte address offset) of the
areas involved in a BitBLT.

Bit Description
7:0 BLT Source Pitch [7:0]: This field is the low-order 8 bits of the BLT source
pitch.
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9.35 GR27: BLT Source Pitch High Register (CL-GD5426/'28/'29 only)

I/0 Port Address: 3CF
Index: 27

Bit Description

Reserved

Reserved

Reserved

BLT Source Pitch [12] (CL-GD5429 only)
BLT Source Pitch [11]

BLT Source Pitch [10]

BLT Source Pitch [9]

BLT Source Pitch [8]

OFRLNWRAUIITO N

This register contains the high-order 4 bits (5 bits for the CL-GD5429) of the 12-bit (13-bit
for the CL-GD5429) value specifying the source pitch (that is, the scanline-to-scanline byte
address offset) of the areas involved in a BitBLT.

Bit Description
75 Reserved
4 BLT Source Pitch [12] (CL-GD5429 only): This is the high-order bit of the

BLT source pitch.

3.0 BLT Source Pitch [11:8]: This field is the high-order 4 bits of the BLT source
pitch. Bit 4 is used for the CL-GD5429.
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9.36 GR28: BLT Destination Start Low Register (CL-GD5426/'28/'29 only)

I/0 Port Address: 3CF
Index: 28

Bit Description

BLT Destination Start [7]
BLT Destination Start [6]
BLT Destination Start [5]
BLT Destination Start [4]
BLT Destination Start [3]
BLT Destination Start [2]
BLT Destination Start [1]
BLT Destination Start [0]

OFRLNWRAUUITO N

This register contains the low-order 8 bits of the 21-bit value specifying the byte address of
the beginning destination pixel for a BitBLT.

Bit Description

7:0 BLT Destination Start [7:0]: This field is the low-order 8 bits of the BLT desti-
nation start.
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9.37  GR29: BLT Destination Start Mid Register (CL-GD5426/'28/'29 only)

I/0 Port Address: 3CF

Index: 29
Bit

OFRLNWRAUUITO N

Description

BLT Destination Start [15]
BLT Destination Start [14]
BLT Destination Start [13]
BLT Destination Start [12]
BLT Destination Start [11]
BLT Destination Start [10]
BLT Destination Start [9]
BLT Destination Start [8]

This register contains the middle 8 bits of the 21-bit value specifying the byte address of the

beginning destination pixel for a BitBLT.

Bit

Description

7:0

BLT Destination Start [15:8]: This field is the middle 8 bits of the BLT desti-

nation start.
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9.38  GR2A: BLT Destination Start High Register (CL-GD5426/'28/'29 only)

I/0 Port Address: 3CF
Index: 2A

Bit Description

Reserved

Reserved

Reserved

BLT Destination Start [20]
BLT Destination Start [19]
BLT Destination Start [18]
BLT Destination Start [17]
BLT Destination Start [16]

OFRLNWRAUUITO N

This register contains the high-order 5 bits of the 21-bit value specifying the byte address of
the beginning destination pixel for a BitBLT.

Bit Description
75 Reserved
4:0 BLT Destination Start [20:16]: This field is the high-order 5 bits of the BLT

destination start.
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9.39 GR2C: BLT Source Start Low Register (CL-GD5426/'28/'29 only)

I/0 Port Address: 3CF
Index: 2C

Bit Description

BLT Source Start [7]
BLT Source Start [6]
BLT Source Start [5]
BLT Source Start [4]
BLT Source Start [3]
BLT Source Start [2]
BLT Source Start [1]
BLT Source Start [0]

OFRLNWRAUUITO N

This register contains the low-order 8 bits of the 21-bit value specifying the byte address of
the beginning source pixel for a BitBLT. This register must be accessed for write in the pro-
cess of programming any system-to-screen BitBLT that uses color expansion. The data
written can be anything; it is the write access that is necessary.

Bit Description
7.0 BLT Source Start [7:0]: This field is the low-order 8 bits of the BLT source
start.
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9.40 GR2D: BLT Source Start Mid Register (CL-GD5426/°28/'29 only)

I/0 Port Address: 3CF
Index: 2D

Bit Description

BLT Source Start [15]
BLT Source Start [14]
BLT Source Start [13]
BLT Source Start [12]
BLT Source Start [11]
BLT Source Start [10]
BLT Source Start [9]
BLT Source Start [8]

OFRLNWRAUUITO N

This register contains the middle 8 bits of the 21-bit value specifying the byte address of the
beginning source pixel for a BitBLT.

Bit Description

7:0 BLT Source Start [15:8]: This field is the middle 8 bits of the BLT source start.
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9.41  GR2E: BLT Source Start High Register (CL-GD5426/'28/'29 only)

I/0 Port Address: 3CF
Index: 2E

Bit Description
Reserved

Reserved

Reserved

BLT Source Start [20]
BLT Source Start [19]
BLT Source Start [18]
BLT Source Start [17]
BLT Source Start [16]

OFRLNWRAUUITO N

This register contains the high-order 5 bits of the 21-bit value specifying the byte address of
the beginning source pixel for a BitBLT.

Bit Description

75 Reserved

4:0 BLT Source Start [20:16]: This field is the high-order 5 bits of the BLT source
start.
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9.42  GR2F: BLT Write Mask Destination Register (CL-GD5429 only)

I/0 Port Address: 3CF
Index: 2E

Bit Description

Pattern Offset (NOT)
Reserved

Reserved

Reserved

Reserved

Write Mask [2]

Write Mask [1]

Write Mask [0]

OFRNWMOUIITO N

This register contains a write mask used for clipping on the left edge of color-expanded Bit-
BLTs. This register is programmable only on the CL-GD5429.

Bit Description

7 Pattern Offset (NOT): If XY Pattern Offset is not being used, this bit must be
programmed to ‘1. If XY Pattern Offset is being used, this bit must be pro-
grammed to ‘0.

6:3 Reserved

2:0 BLT Source Start [20:16]: If this field is written to any value other than ‘0’,
then ‘n’ pixels will not be written on the left edge of each scanline for a color-
expanded BitBLT.
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9.43  GR30: BLT Mode Register (CL-GD5426/'28/'29 only)

I/0 Port Address: 3CF

Index: 30
Bit

OFRPNWkAMOTO N

Description

Enable Color Expand

Enable 8 x 8 Pattern Copy

Reserved

Color Expand/Transparency Width
Enable Transparency Compare

BLT Source Display/System Memory
Reserved

BLT Direction

This register contains the bits that specify the details, but not the ROP, of the BLT.

Bit

Description

7

Enable Color Expand: If this bit is programmed to ‘1’, the ROP source is the
expanded result from the bit-mapped source. The destination must be screen
memory, and the direction must be ‘increment’. The Color registers at GRO,
GR1, GR10, and GR11 are used for the bit-map color expand BLT operations.
All ROPs are available.

When the source data is expanded, the MSB of the first source byte becomes
the first pixel in the screen destination. For color-expanded BLTs (system or
display memory source), each logical line must be filled out to an even byte
with ‘dummy’ bits, if it is not an even multiple of eight pixels (that is, the source
bytes must be completely used). These extra bits are ignored under the con-
trol of the BLT width setting.

When the source of color-expand data is display memory, the source starting
address must be on a 4-byte boundary, and the addressing is always linear
(the source pitch is ignored). Refer to Appendix D6 for information regarding
color expansion.

If this bit is programmed to ‘0’, the ROP source is the pixel data read from the
source.

For the CL-GD5429 only: The 8-byte monochrome pattern for a color
expanded BLT must begin on an 8-byte boundary. The low-order three bits of
the source start address determines which byte of the pattern is used for the
first scanline of the destination. That is, the low-order three bits of the source
address function as a vertical offset for the pattern.
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9.43 GR30: BLT Mode Register (CL-GD5426/'28/'29 only) (cont.)

Bit

Description

6

Enable 8 x 8 Pattern Copy: If this bit is programmed to ‘1’, the source pattern
is copied repeatedly to the destination rectangular area. The pattern source
must be aligned on a four-byte boundary, except for color expansion, when the
source must be aligned on an eight-byte boundary. The source is linear
addressed data, in one of three arrangements as shown in the following table.

Operating Mode Arrangement

Color expansion enabled 8 bytes of Monochrome bitmap for the 8 x 8 pattern

8-bit pixels 64 bytes of color data for 64 pixels

16-bit pixels 128 bytes of color data for 64 pixels

Reserved

Color Expand/Transparency Width: If this bit is programmed to ‘1’ and color
expansion is enabled, the bit-mapped source is expanded to 16 bits/pixel. If
this bit is programmed to ‘0’ and color expansion is enabled, the bit-mapped
source is expanded to 8 bits/pixel.

If this bit is programmed to ‘1’ and GR30[3] is programmed to ‘1’, the transpar-
ency compare is done on 16-bit pixels (CL-GD5426/'28 only). If this bit is pro-
grammed to ‘0’ and GR30][3] is programmed to ‘1’, the transparency compare
is done on 8-bit pixels.

Enable Transparency Compare: For the CL-GD5426/'28 only: if this bit is
programmed to ‘1’, then the result of the ROP is compared to the Transparent
Color register for each pixel. If the compare is a match, then the data are not
written to the destination. The transparency feature must be used, and the
transparent color set to the background color, if the color expand BLT is to be
used with an opaque foreground and a transparent background (similar to
Extended Write mode 4).

If this bit is programmed to ‘0’, the data are written to the destination without
regard of the Transparent Color register.

For the CL-GD5429 only: this bit is used for color expand with transparency. If
this bit is programmed to ‘1’, then zeroes in the monochrome image being
expanded result in the corresponding pixel not being written. This is the equiv-
alent of Extend Write mode 4; only the foreground is written.

If this bit is programmed to ‘0’, then zeroes in the monochrome image being
expanded result in the background color being written into the corresponding
pixel.

Copyright 1995 — Cirrus Logic Inc. 9-57 September 1997



EXTENSION REGISTERS True Color Family Technical Reference Manual

9.43 GR30: BLT Mode Register (CL-GD5426/'28/'29 only) (cont.)

Bit

Description

2

BLT Source Display/System Memory: If this bit is programmed to ‘1’, the
BLT source is system memory rather than display memory. The CPU performs
the system bus transfers; the CL-GD5426/'28/'29 ignores the address pro-
vided with such transfers. The CPU is required to transfer data in increments
of four bytes. If the total number of bytes moved for a BLT is not a multiple of
four, the CPU must write ‘extra’ bytes. System memory-to-system memory
BLTs are not allowed.

If this bit is programmed to ‘0’, the BLT source is display memory.

NOTE: When system-to-screen BitBLTs are being executed, 16- or 32-bit host trans-
fers must be used.

When system-to-screen BitBLTs involving color expansion are being exe-
cuted, the BLT Source Start registers must be programmed to ‘0’

Reserved

BLT Direction: If this bit is programmed to ‘1’, the source and destination
addresses are decremented. The BLT proceeds from higher addresses to
lower addresses. In this case, the starting address is the highest addressed
byte in each area.

If this bit is programmed to ‘0’, the source and destination addresses are incre-
mented. The BLT proceeds from lower addresses to higher addresses.
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9.44

GR31: BLT Start/Status Register (CL-GD5426/'28/'29 only)

I/0 Port Address: 3CF

Index: 31

Bit

OFRLNWRAUUITO N

Description

Reserved

Reserved

Reserved

Reserved

BLT Progress Status (read-only)
BLT Reset

BLT Start/Suspend

BLT Status (read-only)

This register contains the bit that actually begins a BLT, and a bit that indicates whether the
BLT has completed.

Bit

Description

7:4

Reserved

3

BLT Progress Status (Read-only): At the start of a BLT this bit is set to ‘1’
and resets to ‘0’ when the entire operation completes. If the BLT is suspended
(refer to GR31[1]), this bit remains ‘1'. If the BLT is reset (refer to GR31[2]),
this bit is reset to ‘0'.

BLT Reset: If this bit is programmed to ‘1’, the entire BLT engine immediately
resets and any operation in progress is terminated. The operation cannot be
restarted.

BLT Start/Suspend: When this bit is programmed to ‘1’, the BLT begins with
the next available display memory cycle. When the BLT is completed, this bit is
cleared to ‘0.

If this bit is programmed to ‘0’, the BLT is suspended at the end of the current
scanline. GR31[0] must be monitored to determine when the BLT actually
stops. If the BLT is suspended by programming this bit to ‘0’, then the BLT
Height registers reflect the line count for the last completed transfer. A sus-
pended BLT can be resumed merely by programing this bit to ‘1’. Only screen-
to-screen BLTs can be suspended.

BLT Status (Read-only): If this bit is ‘1’, the BLT is in progress. If this bit is ‘0’,
then the BLT is complete.
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9.45 GR32: BLT Raster Operation Register (ROP) (CL-GD5426/'28/'29 only)

I/0 Port Address: 3CF
Index: 32

Bit Description
f[7]
f [6]
f [5]
f [4]
f[3]
f[2]
f[1]
f [0]

OFRLNWRAUUITO N

This register selects a two-operand ROP.

Bit Description
7:0 f [7:0]: This eight-bit value selects a two-operand raster operation, as indi-
cated in the table below. This table is ordered by Microsoft ROP.
RIEN Z (F;(e)f) Microsoftl) Name Microsoft ROP
0 0 00 BLACKNESS 00000042
DPon ~P~D 90 - 000500A9
DPna ~PD 50 - 000A0329
Pn ~P DO - 000F0001
DSon | ~S.~-D 90 NOTSRCERASE 001100A6
DSna ~S.D 50 - 00220326
Sn ~S DO NOTSRCCOPY 00330008
SDna S.~D 09 SRCERASE 00440328
PDna P~D 09 - 00500325
Dn ~D 0B DSTINVERT 00550009
DPx P~=D 59 PATINVERT 005A0049
DPan | ~P+-D DA - 005F00E9
DSx S~=D 59 SRCINVERT 00660046
DSan | ~S+-D DA - 007700E6
DSa S.D 05 SRCAND 008800C6
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9.45 GR32: BLT Raster Operation Register (ROP) (CL-GD5426/'28/'29 only) (cont.)

Bit Description
7:0(cont.)
RéN Z (T]S;) Microsoftl! Name Microsoft ROP
DSxn S=D 95 - 00990066
DPa PD 05 - 00A000C9
PDxn P=D 95 - 00A50065
D D 06 - 00AA0029
DPno ~P+D D6 - 00AF0229
DSno ~S+D D6 MERGEPAINT 00BB0226
S S 0D SRCCOPY 00CC0020
SDno S+~D AD — 00DD0228
DSo S+D 6D SRCPAINT O0EE0086
P P oD PATCOPY 00F00021
PDno P+~D AD - 00F50225
DPo P+D 6D - O0FA0089
1 1 0E WHITENESS 00FF0062
NOTE: In the first two columns ‘D’ denotes destination, ‘S’ denotes source, and ‘P’

denotes pattern.

The first column is reverse Polish notation (RPN). The operators are: ‘a’
denotes AND, ‘o’ denotes OR, ‘X’ denotes exclusive OR, and ‘n’ denotes NOT.
As an example, the second entry would be interpreted: Destination, (enter),

Pattern, oR, nOT.

The second column is provided as a service for those who prefer to avoid
RPN. The operators are: ‘~’ denotes NOT, ‘. denotes AND, and ‘+' denotes
OR. As an example, the second entry would be interpreted: NOT pattern AND
NOT destination. (Demorgan’s theorem says these two interpretations are
equivalent.)
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9.46  GR34: BLT Transparent Color Low Register (CL-GD5426/'28 only)

I/0 Port Address: 3CF
Index: 34

Bit Description

BLT Transparent Color [7]
BLT Transparent Color [6]
BLT Transparent Color [5]
BLT Transparent Color [4]
BLT Transparent Color [3]
BLT Transparent Color [2]
BLT Transparent Color [1]
BLT Transparent Color [0]

OFRLNWRAUUITO N

This register contains the low-order 8 bits of the 16-bit transparent color. If GR30[3] is pro-
grammed to ‘1’, this value is compared with the ROP result. If it is equal, the ROP result is
not written to the destination.

Bit Description

7:0 BLT Transparent Color [7:0]: This field is the low-order 8 bits of the BLT
transparent color.
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9.47  GR35: BLT Transparent Color High Register (CL-GD5426/'28 only)

I/0 Port Address: 3CF
Index: 35

Bit Description

BLT Transparent Color [15]
BLT Transparent Color [14]
BLT Transparent Color [13]
BLT Transparent Color [12]
BLT Transparent Color [11]
BLT Transparent Color [10]
BLT Transparent Color [9]
BLT Transparent Color [8]

OFRLNWRAUUITO N

This register contains the high-order 8 bits of the 16-bit transparent color. If GR30[3] is pro-
grammed to ‘1’, this value is compared with the ROP result. If it is equal, the ROP result is
not written to the destination. For 8-bit color modes, GR35 must be set equal to GR34.

Bit Description

7:0 BLT Transparent Color [15:8]: This field is the high-order 8 bits of the BLT
transparent color.
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9.48  GR38: BLT Transparent Color Mask Low Register (CL-GD5426/'28 only)

I/0 Port Address: 3CF
Index: 38

Bit Description

BLT Transparent Color Mask [7]
BLT Transparent Color Mask [6]
BLT Transparent Color Mask [5]
BLT Transparent Color Mask [4]
BLT Transparent Color Mask [3]
BLT Transparent Color Mask [2]
BLT Transparent Color Mask [1]
BLT Transparent Color Mask [0]

OFRLNWRAUUITO N

This register contains the low-order 8 bits of the 16-bit transparent color mask. If GR30[3] is
programmed to ‘1’, the transparent color is compared with the ROP result under this mask.
If it is equal, the ROP result is not written to the destination.

Bit Description

7:0 BLT Transparent Color Mask [7:0]: This field is the low-order 8 bits of the
BLT transparent color mask. A ‘1’ in any bit location makes the corresponding
compare a don't care.
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9.49 GR39: BLT Transparent Color Mask High Register (CL-GD5426/'28 only)

I/0 Port Address: 3CF
Index: 39

Bit Description

BLT Transparent Color Mask [15]
BLT Transparent Color Mask [14]
BLT Transparent Color Mask [13]
BLT Transparent Color Mask [12]
BLT Transparent Color Mask [11]
BLT Transparent Color Mask [10]
BLT Transparent Color Mask [9]
BLT Transparent Color Mask [8]

OFRLNWRAUUITO N

This register contains the high-order 8 bits of the 16-bit transparent color mask. If GR30[3]
is programmed to ‘1’, the transparent color is compared with the ROP result under this
mask. If it is equal, the ROP result is not written to the destination. For 8-bit color modes,
GR39 must be equal to GR38.

Bit Description

7.0 BLT Transparent Color Mask [15:8]: This field is the high-order 8 bits of the
BLT transparent color mask. A ‘1’ in any bit location makes the corresponding
compare a don't care.
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9.50 CR19: Interlace End Register

I/0 Port Address: 3?5
Index: 19

Bit Description

Interlace End [7]
Interlace End [6]
Interlace End [5]
Interlace End [4]
Interlace End [3]
Interlace End [2]
Interlace End [1]
Interlace End [0]

OFRLNWRAUUITO N

This register contains the ending horizontal character count for the Odd Field VSYNC.

Bit Description

7:0 Interlace End: This value is the number of characters in the last scanline of
the Odd Field in interlaced timing. This can be adjusted to center the scanlines
in the Odd Field half way between scanlines in the Even Field. This register is
typically programmed to approximately half the Horizontal Total.

NOTE: “?"in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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9.51

CR1A: Miscellaneous Control Register

I/0 Port Address: 3?5

Index: 1A

Bit

OFRLNWRAUUITO N

Description

Vertical Blank End Overflow [9]

Vertical Blank End Overflow [8]

Horizontal Blank End Overflow [7]

Horizontal Blank End Overflow [6]
Overlay/DAC Mode Switching Control [1]
Overlay/DAC Mode Switching Control [0]
Enable Double Buffered Display Start Address
Enable Interlaced

This register contains timing overflow bits as well as some miscellaneous control bits.

Bit

Description

7:6

Vertical Blank End Overflow: This 2-bit field extends the Vertical Blank End
value to 10 bits. Refer to the description of CRO for a table containing all the
timing value bits. These bits are enabled only if CR1B[5] is programmed to ‘1’,
or if CR1B[7] is programmed to ‘1’ for the CL-GD5424/'25/'26/'28/'29 only.

54

Horizontal Blank End Overflow: This 2-bit field extends the Horizontal
Blanking End value to 8 bhits. Refer to the description of CRO for a table con-
taining all the timing value bits. These bits are enabled only if CR1BJ[5] is pro-
grammed to ‘1’, or if CR1BJ[7] is programmed to ‘1’ for the CL-GD5424/'25/'26/
'28/'29 only.

3:2

Overlay/DAC Mode Switching Control [1:0]: This 2-bit field selects the
Overlay and DAC Mode Switch term. The values are summarized in the follow-
ing table. Refer to Appendix B14, “Video Overlay and DAC Mode Switching”.

CR1A[3] | CR1A[2] Switch Enabled with: P[7:0] Note
0 0 Normal operation (Switch disabled) | Outputs
0 1 Timing: EVIDEO* or OVRW Inputs | See CR1D[6]
1 0 OVRW AND’ed with Color Key inputs | L GPo424/260
1 0 EVIDEO* AND’ed with Color Key Inputs | CL-GD5425/'29
1 1 Color Key Inputs
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9.51 CR1A: Miscellaneous Control Register (cont.)

Bit Description

1 Enable Double Buffered Display Start Address: If this bit is programmed to
‘1’, the Display Start Address is updated on the VSYNC following a write to
Start Address Low. This provides control of display frame switching without the
need to explicitly monitor VSYNC.

0 Enable Interlaced: If this bit is programmed to ‘1, interlaced timing is
enabled. Interlaced timing means interlaced sync in text mode, and interlaced
sync and video data in graphics mode. In addition, IRQ requests are gener-
ated only at the end of odd fields (that is, at the end of a frame).

For interlaced sync and data in graphics mode, the CRTC Scan Double
(CR9[7]) must be programmed to ‘0’.

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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9.52

CR1B: Extended Display Controls Register

I/0 Port Address: 3?5

Index: 1B

Bit

OFRLNWRAUUITO N

Description

Enable Blank End Extensions (CL-GD5424/°25/°26/°28/°29 only)
Enable Text Mode Fast-Page

Blanking Control

Offset Register Overflow 8

Extended Display Start Address Bit 18 (CL-GD5426/°'28/°29 only)
Extended Display Start Address Bit 17

Enable Extended Address Wrap

Extended Display Start Address Bit 16

This register contains a humber of miscellaneous bits that control extended display func-

tions.

Bit

Description

7

Enable Blank End Extensions (CL-GD5424/25/°26/'28/'29 only): If this bit
is programmed to ‘0’, the Vertical and Horizontal Blank End Extension bits in
CR1A are disabled if CR1B[5] is also ‘0"

If this bit is programmed to ‘1’, the Vertical and Horizontal Blank End Extension
bits in CR1A are enabled, regardless of the programming of CR1B[5].

Enable Text Mode Fast-Page: If this bit is programmed to ‘0’, all font fetch
cycles take place as random read cycles. This bit must be programmed to ‘0’
for standard VGA dual-font operation.

If this bit is programmed to ‘1’, Fast-page mode cycles are used to fetch font
data. This allows for text modes with a VCLK greater than 30 MHz, as is
required for 132-column modes.

Blanking Control: If this bit is programmed to ‘0’, the DAC blanking is con-
trolled by the blanking signal generated by the CRTC. In this case, the border
can be used (Refer to AR11).

If this bit is programmed to ‘1’, the DAC blanking is controlled by Display
Enable. The DAC is blanked during the time when the border is normally dis-
played. In addition, the OVRW pin (pin 71) is an output and follows the blank-
ing signal generated by the CRTC. This signal can be directed to the feature
connector or can be used to control an external overlay circuit. Finally, pro-
gramming this bit to ‘1’ enables the Vertical and Horizontal Blank End Exten-
sion bits in CR1A. Refer to Appendix B14.
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9.52 CR1B: Extended Display Controls Register (cont.)

Bit

Description

4

Offset Register Overflow 8: This bit extends the CRTC Offset register
(CR13) by one bit. Refer to the description of CRO in Table 6-2 for a summary
of CRTC Timing register.

Extended Display Start Address Bit 18 (CL-GD5426/'28/'29 only): This is
bit 17 of the Display Start Address. Refer to the description of CR1 in Table 6-
2 for a summary of CRTC Timing register.

Extended Display Start Address Bit 17: This is bit 17 of the Display Start
Address. Refer to the description of CR1 in Table 6-2 for a summary of CRTC
Timing register.

Enable Extended Address Wrap: If this bit is programmed to ‘0’, the display
memory address wraps at 64K maps (256K total memory). This provides VGA
compatibility. If this bit is programmed to ‘1’, the display memory address
wraps at the total available memory size. In particular, this bit provides the fol-
lowing functions:

If this bit is programmed to ‘1’ and Chain-4 addressing is selected
(SR4[3]=1), DRAM addresses A0 and Al are supplied from addresses
XMA[16] and XMA[17]. XMA[18:12] addresses are the sum of XA[16:12] and
either Offset register O or 1.

If this bit is programmed to ‘1’ and CRTC Double Word addressing is selected
(CR14[6] = 1), DRAM addresses A0 and Al are supplied from CRTC
addresses CR[14] and CRJ[15]. This provides four displayable pages in Video
mode 13h. Character counter addresses CA[16] and CA[18] provide up to 256
Kbytes in each bit plane, or 1 Mbyte of packed-pixel memory.

If this bit is programmed to ‘0", the CRTC character address counter is 16-bits-
wide, providing VGA compatibility. If this bit is programmed to ‘1’, the Counter
is 18-bits-wide (19-bits-wide in CL-GD5426/'28/'29 only).

Extended Display Start Address Bit 16: This is bit 16 of the Extended Dis-
play Start Address. Refer to the description of CRO in Table 6-2 for a summary
of CRTC Timing register.

NOTE: *?" in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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9.53

CR1C: Sync Adjust and GENLOCK Register (CL-GD5425 only)

I/0 Port Address: 3?5

Index: 1C
Bit

OFRPNWKMUOTO N

Description

Enable VSYNC GENLOCK
Enable HSYNC GENLOCK
Horizontal Total Adjust [2]
Horizontal Total Adjust [1]
Horizontal Total Adjust [O]
Horizontal Sync Start Adjust [2]
Horizontal Sync Start Adjust [1]
Horizontal Sync Start Adjust [0]

This register enables GENLOCK, and for horizontal timing adjustments.

Bit

Description

7

Enable VSYNC GENLOCK: If this bit is programmed to ‘1’, VSYNC GEN-
LOCK is enabled. The VSYNC pin becomes an input, internally synchronized
to VCLK. A high-to-low transition clears the CRTC vertical counter and returns
the display to the top of the screen.

If the CL-GD5425 is programmed for interlaced operation, the first transition
sampled after this bit has been programmed to ‘1’ also clears the interlace
field state to ‘even’.

Enable HSYNC GENLOCK: If this bit is programmed to ‘1’, HSYNC
GENLOCK is enabled. The HSYNC pin becomes an input, internally synchro-
nized to VCLK. The high-to-low transition is synchronized to VCLK and the
VCLK edges, later the Character Clock generator (VCLK counter) is cleared.
The next character clock causes the equivalent of Horizontal Total.

The value programmed into the Horizontal Total register must be so that the
external HSYNC occurs before the programmed value is reached. This func-
tion is independent of VSYNC GENLOCK.

Either VSYNC GENLOCK or Horizontal GENLOCK is used with an external
VCLK derived externally from the video source and supplied to DCLK (EDCLK
is Low). MISC register 3C2[3:2] must be programmed to ‘1,X’ so that the exter-
nally generated DCLK drives the CRT Controller as well as the DAC. The
external master supplies HSYNC and VSYNC to the display as well as to
CL-GD5425.
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9.53 CRI1C: Sync Adjust and GENLOCK Register (CL-GD5425 only) (cont.)

Bit

Description

5:3

Horizontal Total Adjust [2:0]: This field allows for a —=3/+4 VCLK adjustment
of the programmed Horizontal Total. The length of the character, which occurs
two character clocks after the Horizontal Counter has reached the value pro-
grammed into Horizontal Total, is adjusted according to this field. The following
table shows this adjustment:

CR1C[5:3] | Character Clock Adjustment
000 0 (Normal)
001 -3 VCLKs
010 -2 VCLKs
011 -1VCLKs
100 +1 VCLKs
101 +2 VCLKs
110 +3 VCLKs
111 +4 VCLKs

2:0

Horizontal Sync Start Adjust [2:0]: This field allows a 0—7 VCLK adjustment
of the position of Horizontal Sync Start (relative to BLANK). HSYNC is delayed
an additional number of VCLKs programmed in this field. The HSYNC width is
still adjustable only in Character Clock increments.

September 1997

9-72

Copyright 1995 — Cirrus Logic Inc.



True Color Family Technical Reference Manual EXTENSION REGISTERS

9.54  CR1D: Overlay Mode Register (CL-GD5425/°29 only)

I/0 Port Address: 3?5

Index: 1D
Bit

OFrRLNWKMOTO N

Description

Reserved

Overlay Timing Signal Source

Reserved

Reserved

Color Compare Data Width (CL-GD5425 only)

DAC Mode Switching Control [1]

DAC Mode Switching Control [0]

TV Mode Interlaced Sync Control (CL-GD5425 only)

This register contains bits that control extended overlay modes.

Bit Description

7 Reserved

6 Overlay Timing Signal Source: If this bit is programmed to ‘0", the EVIDEO*
input is used as the timing signal for Overlay modes 01 and 10 (refer to the
table in bit description 3:2, “Overlay/DAC Mode Switching Control [1:0]", on
page 9-67). This is the default.
If this bit is programmed to ‘1", the internally generated signal OVRW is used
as the timing signal for Overlay modes 01 and 10. This avoids the requirement
to connect OVRW to EVIDEO*.

5:4 Reserved

3 Color Compare Data Width (CL-GD5425 only): If this bit is programmed to

‘1’ and the SR7[2:1] field is programmed to ‘1,1, all 16 bits of each pixel are
used for the color key compare. The low byte of the VGA data is compared to
the value in GRC and the high byte of the VGA data is compared to the value
in GRD. Since GRD is used as the high-byte comparand, no mask is available.
This feature is not available when the SR7[2:1] field is programmed for the 16-
or 24-bit byte serial modes (0,1 or 1,0).

If this bit is programmed to ‘0’, only the high-order byte of each VGA pixel is
used for color key compare.
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9.54 9.53 CR1D:Overlay Mode Register (CL-GD5425/'29 only) (cont.)

Bit

Description

2:1

DAC Mode Switching Control [1:0]: This field controls DAC Mode Switching.
This controls only DAC Mode Switching; the selection of pixel data is still done

as programmed into CR1A[3:2].

CR1D[2:1] DAC Mode Switching
00 Switch True selected Extended DAC mode
01 Switch False selected Extended DAC mode
1x Disable DAC Mode Switching (DAC always in Extended mode)

TV Mode Interlaced Sync Control (CL-GD5425 only): When this bit is pro-
grammed to ‘0’, interlaced sync and/or data is generated as programmed in

CR1A[0].

When this bit is programmed to ‘1", sync timing for even fields is generated —
although the data may still be ‘interlaced’ (displayed in alternate fields). This
results in zero flicker at the expense of reduced vertical resolution for PAL out-

put.

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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9.55 CR25: Part Status Register

I/0 Port Address: 3?5
Index: 25

Bit Description
PSR [7]
PSR [6]
PSR [5]
PSR [4]
PSR [3]
PSR [2]
PSR [1]
PSR [0]

OFRLNWRAUUITO N

This read-only register is used for factory testing and internal tracking only.

Bit Description

7:0 Part Status Value

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.

Copyright 1995 — Cirrus Logic Inc. 9-75 September 1997



EXTENSION REGISTERS

9.56 CR27: ID Register

I/0 Port Address: 3?5

Index: 27

Bit

OFRLNWRAUUITO N

Description
Device ID [5]
Device ID [4]
Device ID [3]
Device ID [2]
Device ID [1]
Device ID [0]
Reserved

Reserved

True Color Family Technical Reference Manual

This read-only register returns a value that uniquely identifies the device.

Bit Description
7:2 Device ID: This six-bit field contains a unigue value that identifies the device
according to the following table:
Product CR27[7:2]

CL-GD5420 100010
CL-GD5422 100011
CL-GD5424 100101
CL-GD5425 100000
CL-GD5426 100100
CL-GD5428 100110
CL-GD5429 100111

1:0 Reserved

NOTE: *?" in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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9.57  CR30: TV-Out Mode Control Register (CL-GD5425 only)

I/0 Port Address: 3?5
Index: 30

Bit Description

OFRNWMOUIITO N

Color Carrier Reference Divisor [1]
Color Carrier Reference Divisor [0]
Enable Two-line Vertical Filter
Filter Control
TV-Out Enable
PAL/NTSC Select
Enable Vertical Expansion/Scaling
Vertical Scaling Mode

This register contains bits that control the TV-Out formats. This register is implemented on

the CL-GD5425 only.

Bit Description

7:6 Color Carrier Reference Divisor [1:0]: This field selects the divisor for the
Color Carrier Reference. The Color Carrier Reference is output on BLANK*
(pin 93) if CR30[3] =‘1". The frequency is as indicated in the following table.

Nominal
CR30[2] | CR30[7:6] | Output Frequency Note Standard
(MHz)
0 00 VCLK 17.734476 4x fsc PAL
0 01 VCLK/2 8.867238 2x fsc PAL
0 10 VCLK/4 4.433619 1x fsc PAL
1 00 VCLK 14.31818 4x fsc NTSC
1 01 VCLK/2 7.15909 2x fsc NTSC
1 10 VCLK/4 3.5795 1x fsc NTSC
X 11 - - Reserved | Reserved
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9.57 CR30: Extended Display Controls Register (CL-GD5425 only) (cont.)

Bit

Description

5

Two-line Flicker Filter Enable: If this bit is programmed to ‘1’, two-line flicker
filter is enabled.

If this bit is programmed to ‘0’, two-line flicker filter is disabled.

Two-Line Flicker Filter Control: If CR30[5] is set to ‘0’, this bit has no effect.
If CR30[5] is set to ‘1, this bit has the following meaning:

If this bit is set to ‘0", the two-line flicker filter uses 1/2 the upper line plus 1/2
the lower line function for all interlaced modes, except the 480-400 scaled
mode.

If this bit is ‘1’, third line 2-bit Y information is enabled. The adjust method
(‘max’) is used only for 480—-400 NTSC scaling (for Revision AB silicon).

NOTE: When 480-400 scaling is selected, CR30[5] must =*1’ or filtered scal-
ing is disabled and the screen has missing lines.

TV-Out Enable: When this bit is programmed to ‘1’, CSYNC output is enabled
on MAGO. Either PAL or NTSC format is chosen, as selected in CR30[2]. In
addition, FSC output is enabled on the BLANK* pin. When this bit is pro-
grammed to ‘0’, CSYNC and FSC output is disabled.

PAL/NTSC Select: If this bit is programmed to ‘1’, NTSC format CSYNC is
selected when CR30[3] is programmed to ‘1’. In addition, if CFO is 0, the XTAL
pin is selected as the input for the VCO.

If this bit is programmed to ‘0’, PAL format CSYNC is selected when CR30][3]
is programmed to ‘1". In addition, if CFO is O, the OSC pin is selected as the
input for the VCO.

Enable Vertical Expansion/Scaling: If this bit is programmed to ‘1’, vertical
expansion/scaling is performed according to the programming of CR30[2] and
CR30[0]. Vertical expansion/scaling changes the number of scanlines per field
(or frame) to compensate for the fact that standard VGA aspect ratios are not
the same as PAL or NTSC aspect ratios. Scanlines are either repeated
(expansion), replicated, or scaled on a regular basis to generate the correct
number for the TV standard being used. See the description of CR30[0] for
details.

If this bit is programmed to ‘0’, vertical expansion/scaling is disabled.
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9.57 CR30: Extended Display Controls Register (CL-GD5425 only) (cont.)

Bit Description

0 Vertical Scaling Mode: If CR30[1] is programmed to ‘1’ this bit, in conjunc-
tion with CR30[2], specifies the details of vertical scaling.

Expansion/

CR30[2] | CR30[0] | Mode | = "t

Notes

200 lines expanded to 240 lines
0 0 PAL 5:6 expansion | (200-240 OK for text modes)
400 lines expanded to 480 lines

0 1 PAL 5:7 expansion | 350 lines expanded to 490 lines

1 0 NTSC | 7:8 expansion | 350 lines expanded to 400 lines

480 lines scaled to 400 lines

1 1 NTSC 6:5 scaling 240 lines scaled to 200 lines

NOTE: *?’ in the above register address is ‘B’ in Monochrome mode and ‘D’ in Color mode.
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9.58 HDR: Hidden DAC Register (Except CL-GD5420)

I/0 Port Address: 3C6

Index: —

Bit

OFRLNWkAUUITO N

Description Reset State
Enable 5-5-5 Mode

Enable All Extended Modes

Clocking Mode

32K Color Control

Extended Mode Select [3] (CL-GD5428 only)
Extended Mode Select [2]

Extended Mode Select [1]

Extended Mode Select [0]

cNeoNeoloNeloNoNe)

This register enables extended color modes, including 15-bit/pixel, 16-bit/pixel, and 24-bit/
pixel modes. This register is cleared to all zeroes at reset, putting the CL-GD542X in VGA-
compatibility mode.

This register is accessed by reading the Pixel Mask register at 03C6h four times in succes-
sion; the next write or read at 03C6h will access the Hidden DAC register. When the Hldden
DAC register is written, the internal counter is reset and the four dummy reads must be exe-
cuted again. For the CL-GD5422/'24/'26/'28/'29, a read from the Hidden DAC register
resets the counter and the four dummy reads must be executed again. For the CL-GD5428
only, reads from 3C6 do not lock the Hidden DAC register.

Bit

Description

7

Enable 5-5-5 Mode: If this bit is programmed to ‘0", the extended color modes
are disabled and the palette DAC is VGA-compatible. If this bit is programmed
to ‘1’, extended color modes are enabled, as chosen by bit 6 and bits 2.0 of
this register.

Enable ALL Extended Modes: If this bit is programmed to ‘0’ and bit 7 is pro-
grammed to ‘1’, the palette DAC will be in 5-5-5 Sierrall mode, regardless of
the value programmed into bits 3:0. If this bit is programmed to ‘1’ and bit 7 is
programmed to ‘1’, the palette DAC mode is chosen by the value programmed
into bits 3:0 of this register.

Clocking Mode: If this bit is programmed to ‘0", Clocking mode 1 is chosen. In
Clocking mode 1, 16-bit/pixel modes use both edges of DCLK to latch data.
The rising edge of DCLK latches the low byte and the falling edge of DCLK
latches the high byte.

If this bit is programmed to ‘1’, Clocking mode 2 is chosen. In Clocking mode
2, 16-bit/pixel modes use only the rising edge of DCLK to latch data. The
DCLK must be supplied at twice the pixel rate. The least-significant byte is
latched on the first rising edge and the most-significant byte is latched on the
second rising edge.

NOTE: All modes other than 16-bit/pixel use only the rising DCLK edge regardless of
this bit. This bit should be programmed to ‘0’ only for externally supplied DCLK
and data.
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9.58

EXTENSION REGISTERS

HDR: Hidden DAC Register (Except CL-GD5420) (cont.)

Bit

Description

5 (cont.)

Clocking Mode: For the CL-GD5429 only, this bit controls the clocking of
input data. If this bit is programmed to ‘0", both edges of DCLK are used. The
rising edge latches the low byte and the falling edge latches the high byte.

If this bit is programmed to ‘1’, the CL-GD5429 is configured for VESA VAFC
2X mode. Each rising edge clocks-in one byte. Every two bytes is assembled
into a single 16-bit pixel which is displayed twice (two clock periods).

32K Color Control: If this bit is programmed to ‘0", 5-5-5 operation takes
place normally. If this bit is programmed to ‘1’, Pixel Data bit 15 chooses
between palette operation and 5-5-5 color. This allows 5-5-5 data to overlay
256-color images on a pixel-by-pixel basis. If Pixel Data bit 15 is ‘1’, then bits
7:0 choose a palette entry and bits 14:8 are ignored. If Pixel Data bit 15 is ‘0",
then 5-5-5 operation is chosen.

3:.0

Extended Mode Select [3:0]: If bits 7 and 6 are both programmed to ‘1’, then
this four-bit field selects the extended DAC mode according to the following
table. Bits 7 and 6 are included in this table for completeness.

Copyright 1995 — Cirrus Logic Inc. 9-81

Bit7 | Bit6 | Bit3 | Bit2 | Bitl | BitO Mode Note

0 X X X X X VGA compatibility

1 0 X X X X 5-5-5 Sierrald

1 1 0 0 0 0 5-5-5 Sierrald

1 1 0 0 0 1 5-6-5 XGAD

1 1 0 0 1 0 Reserved
CCIR601YCrChb

1 1 0 0 1 1 (16-bit 4:2:2) CL-GD5425
AccuPak YCrCb

1 1 0 1 0 0 (8-bit 4:1:1) CL-GD5425

1 1 0 1 0 1 8-8-8 16 million colors

1 1 0 1 1 X DAC power-down g;'GD5425/,28/

1 1 1 0 0 0 8-bit grayscale %;G D5425/28/

1 1 1 0 0 1 | 3-3-28bit RGB Sy epoa2sr28l
16-bit RGB with

1 1 1 0 1 X 16-bit YCrCb overlay CL-GD54254
16-bit RGB with

1 1 1 1 0 X AccuPak] overlay CL-GD54254

1 1 1 1 1 X Reserved

a. This mode allows the DAC to switch between two extended modes, rather than between VGA
compatibility and a single extended mode. They are for the CL-GD5425 only. CR1D[2:1] is pro-
grammed to 00b. Refer to Appendix B14, “Mode Switching”, for more information.
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VGA BIOS

BIOS Overview

The CL-GD542X VGA BIOS is a high-performance firmware product optimized to take full
advantage of the CL-GD542X True Color VGA controller. The CL-GD542X BIOS is based
on proven BIOS technology, and is fully compatible with the IBM VGA BIOS interrupt 10h
interface. The BIOS is designed to provide a well-defined interface between MS-DOS, ap-
plication software, and special OEM utility programs. In addition, it provides an extended set
of functions to support the CL-GD542X VGA controller.

Main BIOS Features
The CL-GD542X VGA BIOS supports the following key features:

* 100% IBM VGA-compatible BIOS

» Support for high-resolution, extended 256-colors, Direct-ColorC] and True Color Video Modes
» High-performance operation

» Modular, proven design

» Adapter or system board implementation (CO00/E000 segments)

» Can be integrated with system BIOS

» Supports switch-less configuration

» Can be customized without source code

» VESA-compatible modes and interface

Extended Video Mode Support

The CL-GD542X VGA BIOS provides full support for all extended high-resolution video
modes via interrupt 10h function calls. In addition, the CL-GD542X VGA BIOS supports a
variety of extended functions, such as VGA display configuration and extended VGA inquiry.
For a detailed description of these functions, refer to the CL-GD542X VGA BIOS External
Software Specification document (Appendix E1).

Direct-Color Operation

The CL-GD542X BIOS supports Direct-color and True Color Video Modes. The CL-GD542X
simultaneously displays 32K or 64K colors at resolutions of up to 800 x 600 and 16M colors
at up to 640 x 480. This 15/16/24-bits per pixel Video Mode is TARGA- and XGA-Mode-com-
patible.

High Performance

The BIOS is optimized to provide maximum performance in adapter or motherboard imple-
mentations. The 16-bit system bus and Display Memory Interface of the CL-GD542X and its
internal FIFOs are fully used by the BIOS. In addition, time critical routines — such as TTY
output and scroll — are designed to provide maximum throughput in both text and graphics
modes.
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10.1.5

10.1.6

10.1.7

10.2

System Integration

The CL-GD542X VGA BIOS can easily be integrated for an adapter or motherboard design.
The BIOS — 32K bytes in size — is provided for both the CO00 and EOOO address segments.
To save space on the system board, the CL-GD542X VGA BIOS can be incorporated into
the system BIOS ROM at either CO00 or EOOO addresses.

The BIOS does not require DIP switches or external hardware to be properly configured. A
well-defined interface to the CL-GD542X BIOS configuration is available for system BIOS or
OEM setup routines.

Customization

The default CL-GD542X BIOS is designed to be implemented without modification in almost
all environments. However, the CL-GD542X BIOS can also be easily customized for a spe-
cific system environment. Modifications can also be accomplished with the Cirrus Logic
OEM System Integration (OEMSI) utility program; such maodifications do not require the CL-
GD542X VGA BIOS source code. Hundreds of BIOS parameters and features can be mod-
ified, including:

* Sign-on message

» Display type configuration

* Video Mode parameter tables
* Font tables

Compatibility

The CL-GD542X BIOS is 100-percent compatible with the IBM VGA BIOS and supports
BIOS-level compatibility for adapter card or integrated VGA on the system board. In addi-
tion, the CL-GD542X BIOS complies fully with the video modes and specifications issued by
the Video Electronics Standards Association (VESA).

CL-GD542X VGA BIOS Initialization and Power-Up Diagnostics

The CL-GD542X VGA BIOS is shipped in two formats — a segment-C000-based VGA BIOS
configured for VGA adapter cards that will be plugged into PC systems, and segment-E000-
based VGA BIOS configured for integrated VGA video subsystems on the motherboard. The
following sequence of steps is performed by the VGA BIOS at power-up initialization:

For Segment-C000-Adapter-Based VGA BIOS:

Checks if VGA BIOS Vector Interrupt 10h is already initialized.

If so, calls the INT 10h Function to disable the existing VGA card to sleep.

Disables the VGA adapter by writing a value of 16h to I/O Port 46E8H.

Programs 1/0O Port 102h with data 01h to enable video subsystem.

Writes a value of Oeh to 46E8H to enable I/O and memory addressing.

Writes 1/O Port 4AE8H to disable 8514/A.

Disables VGA video (by programming Sequencer Clocking Mode Register, [Bit 5] = 1).
Initializes Video Vectors INT 10h and INT 42h.

© N~ wWwDdRE

Copyright 1995 — Cirrus Logic Inc. 10-3 September 1997



VGA BIOS

10.
11.

12.

13.
14.
15.
16.

True Color Family Technical Reference Manual

Enables extensions by writing GROA (I/O Port 3CE, Index = 0aH) with data OECH.
Initializes CL-GD542X Extension Registers.

Checks for co-resident MDA video adapter; if MDA is present, initializes co-resident bits and sets
up MDA adapter.

Checks for CGA, if present, initializes co-resident bits, sets VGA to monochrome, and enables
CGA.

Tests Video Memory.

Initializes Text Mode 3.

Displays sign-on message.

If any POST error flags are set, prints error messages.

For Segment-E000-Motherboard-Based VGA BIOS (CL-GD5424 or higher):

1.

© 0N~ wDN

[E=Y
o

11.

12.
13.
14.
15.
16.

Enables VGA Setup Mode by writing VGA Video Sleep Enable Register (VSE 1/O Port 46E8H
with value of 16H ).

Programs POS 2 Register (/O Port 102H with data 01H) to enable video subsystem.
Writes a value of OH to 46E8H to disable existing VGA adapter I/O and memory addressing.
Enables motherboard VGA by programming VSE Register 3C3H with data value 1.

Writes 1/O Port 4AE8H to disable 8514/A.

Disables VGA video (by programming Sequencer Clocking Mode Register, [Bit 5] = 1).
Initializes Video Vectors INT 10H and INT 42H.

Enables extensions by writing GROA (I/O Port 3CE, Index = 0AH) with data OECH.
Initializes CL-GD542X Extension Registers.

. Checks for co-resident MDA video adapter; if MDA is present, initializes co-resident bits and sets

up MDA adapter.

Checks for CGA, if present, initializes co-resident bits, and sets VGA to monochrome and enables
CGA.

Tests Video Memory.

Initializes Text Mode 3.

Displays sign-on message.

If any POST error flags are set, prints error messages.

Checks to see if a VGA adapter is also present in the system; if so, disables motherboard VGA
controller.
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10.3

Video BIOS Interrupt Vectors

The interrupt vectors that must be initialized by DOS (including the planar and video BIO-
Ses) are listed in Table 10—4 later in this chapter. Of these, the vectors (at locations 0:0040,
0000:007C, 0000:0108, 0000:010C) corresponding to vectors 10, 1F, 42, 43 are handled by
the video BIOS.

10H — Video Services (Vector Location = 0000:0040H)

The CL-GD542X BIOS functions are accessed using interrupt 10H. Application programs
place a function code in AH, and, if required, in other registers calling parameters and then
execute an INT 10H instruction. When the BIOS gains control, the appropriate code is exe-
cuted to perform the function; parameter values may be left in processor registers to be re-
turned to the calling program upon exit from the interrupt routine.

The functions supported by the CL-GD542X BIOS allow the calling program to set the cur-
rent mode, manipulate the cursor, place characters and individual pixels on the display,
scroll the screen, load character fonts and color palette values, and read the light pen posi-
tion. These functions are described in following sections.

1DH — 6845 Initialization (Vector Location = 0000:0074H)

This vector points to the parameter tables that set up the 6845.

1FH — CGA Character Set (Vector Location = 0000:007CH)

This pointer is used for the table of the upper 128 characters in CGA Modes 4, 5, and 6. The
INT 43H Vector is used for the lower 128 characters for these modes.

42H — Old Video Services Pointer (Vector Location = 0000:0108H)

This location used to be the INT 10H vector for planar BIOS video services. When the EGA/
VGA is installed, BIOS routines reload this address with a pointer to the planar INT 10H vid-
eo0 service routine entry point.

43H — Graphics Character Table (Vector Location = 0000:010CH)

BIOS routines use this vector to point to a table of bitmaps that are used when graphics char-
acters are displayed. This table is used for the lower 128 characters in Video Modes 4, 5,
and 6. This table is also used for 256 characters in all additional graphics modes (IBM stan-
dard as well as Cirrus Logic extensions).

The Interrupt 10H calls constitute the bulk of the services provided by the video BIOS and
will be later described in detail. They are listed along with the function and subfunction that
define the particular service required. Note that some INT 10H services were introduced with
the VGA and are not available on the earlier EGA. The services have been divided up into
functional groupings.
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10.3.1 Interrupt 10H: BIOS Video Service Routines Contents

Function Sub- Description Adapter
Function
0O0H Set Video Mode EGA,VGA
01H Set Cursor Type EGA,VGA
02H Set Cursor Position EGA,VGA
03H Get Cursor Position EGA,VGA
04H Get Light Pen Position EGA,VGA
O5H Select Active Display Page EGAVGA
06H Window Scroll-Up EGA,VGA
07H Window Scroll-Down EGA,VGA
08H Read Character/Attribute at Cursor Position EGA,VGA
09H Write Character/Attribute at Cursor Position EGA,VGA
OAH Write Character at Cursor Position EGAVGA
OBH O0H Set Background/Border Color EGAVGA
01H Select the Palette Set EGA,VGA
OCH Write Dot (Pixel) EGA\VGA
ODH Read Dot (Pixel) EGA\VGA
OEH Write Teletype Character to Active Page EGAVGA
OFH Get Video Mode EGA,VGA
10H Palette Manipulations EGA,VGA
O00OH Set Individual Palette Register
(Internal Palette Register)
01H Set OverScan (Border) Register
02H Set All Palette Registers and OverScan Register
03H Intensity/Blinking
04H-06H Reserved
07H Read Individual Palette Register
(Internal Palette Register)
08H Read OverScan (Border) Register
09H Read All Palette Registers and OverScan Register
0AH-OFH Reserved
10H Set Individual Color Register
(RAMDAC/External Palette Register)
11H Reserved
12H Set Block of Color Registers
13H Select Color Page
(Not Valid in Mode 13H)
14H Reserved
15H Read Individual Color Register
(RAMDAC/External Palette Register)
16H Reserved
17H Read Block of Color Registers
18H-19H Reserved
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Interrupt 10H: BIOS Video Service Routines Contents (cont.)

Function

11H

12H

13H
1AH
1BH
1CH
1DH - FFH

Sub-
Function
1AH

1BH

OO0H
01H
02H
03H
04H
10H
11H

12H

14H

20H

21H

22H

23H

24H

30H

10H

20H

30H

31H

32H

33H

34H

35H
36H

Description Adapter

Read Current State of Color Page

Sum Color Values To Gray Shades

Character Generator EGA,VGA
Load User Text Font

Load 8 x 14 ROM Text Font

Load 8 x 8 ROM Text Font

Select Block Specifier

Load 8 x 16 ROM Text Font VGA
Load User Text Font and Reprogram Controller

Load 8 x 14 ROM Text Font

and Reprogram Controller

Load 8 x 8 ROM Text Font

and Reprogram Controller

Load 8 x 16 ROM Text Font VGA
and Reprogram Controller

Set Pointer of User's Graphics

Font Table to Interrupt 1FH

Set Pointer of User's Graphics

Font Table to Interrupt 43H

Set Pointer of 8 x 14 ROM Graphics

Font Table to Interrupt 43H

Set Pointer of 8 x 8 ROM Graphics

Font Table to Interrupt 43H

Set Pointer of 8 x 16 ROM Graphics VGA
Font Table to Interrupt 43H

Get Font Information

Alternate Select EGA,VGA
Get Configuration Information

Select Alternate PrintScreen Routine

Select Scanlines (Alphanumeric Mode)

Enable/Disable Default Palette Loading

Enable/Disable Video

Enable/Disable Grayscale Summing

Enable/Disable Cursor Emulation

Switch Active Display

Enable/Disable Screen Refresh

Write String in Teletype EGAVGA
Get/Set Display Combination Code VGA
Get Functionality/State Information VGA
Save/Restore Video State VGA
Reserved
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Description Of Functions

Function: O0OH * Set Video Mode
[Entry]
AH = 00H
AL = Video Mode (see below)
[Return]
NONE
[Note]
1. Video Mode Table for standard VGA:
Mode Resolution Type Colors Pages
O0H/01H 40 x 25 Text 16 8
(360 x 400)
02H/03H 80 x 25 Text 16 8
(640 x 400)
04H/05H 320 x 200 Graphics 4 1
(40 x 25)
06H 640 x 200) Graphics 2 1
(80 x 25)
07H 80 x 25 Text Monochrome 8
(720 x 400)
08H - OCH Reserved
ODH 320 x 200 Graphics 16 8
(40 x 25)
OEH 640 x 200 Graphics 16 4
(80 x 25)
OFH 640 x 350 Graphics Monochrome 2
(80 x 25)
10H 640 x 350 Graphics 16 2
(80 x 25)
11H 640 x 480 Graphics 2 1
(80 x 25)
12H 640 x 480 Graphics 16 1
(80 x 25)
13H 320 x 200 Graphics 256 1
(40 x 25)

2. If Bit 7 of AL is set, the display buffer will not be cleared. Otherwise, the display buffer will
be cleared during mode setting (EGA, VGA only) (Clear Screen).

3. No hardware cursor in graphics modes.
4. Default Mode during POST: Mode 3H = Color Monitor, Mode 07H = Monochrome Monitor.

5. There is no difference between Modes 00H and 01H, 02H and 03H, or 05H and 06H on
EGA/VGA. They are only different on CGA, which supports composite video displays.

6. The default settings of each Video Mode can be overridden by several subfunctions in
Function 12H or by supply user's video service table whose address is stored in BIOS data
area (0040:A8H).

7. See Application Note E1 for extended modes.
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10.4.2 Function: 01H * Set Cursor Type

[Entry]
AH =01H
CH = Start scanline of cursor (0 base)
CL = End scanline of cursor (0 base)

[Return]
NONE

[Notes]
1. Thisfunction is available in text modes only. The values of cursor type are stored at [40:60].
2. The definition of value in Register CH:
Bit Definition
7-6 Reserved =0
5 1 = No cursor display
0 = Normal blinking cursor
4-0 Start scanline (0 base)

3. The definition of value in Register CL:
Bit Definition
7 Reserved =0
6-5 Number of character skew
4-0 End scanline (0 base)

*On EGA, the value in this register should be one greater than the real bottom of the cursor.

4. Default setting:

Font Size Start End
8x8 6 7
8x14 11 12
8x16 13 14

5. If cursor emulation is turned off, the values passed in CH and CL will be programmed
directly into the hardware. The Cursor Emulation Flag is located in Bit O of [40:87]. It can
be turned on/off by Subfunction 34H of Function 12H call.
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10.4.3 Function: 02H * Set Cursor Position

[Entry]
AH = 02H
BH = Display page (0 base)
DH = Row number of cursor location start (0 base)
DL = Column number of cursor location end (0 base)

[Return]
NONE

[Notes]

1. This function is available for both text and graphics modes.

2. If Register DL is specified over the width of screen displayable area, it will cause the cursor
to wrap to the next row. If Register DH is specified over the height of screen displayable
area, it causes the cursor to disappear.

3. Default setting for each mode: Cursor Location at 0000H.

4. BIOS maintains one cursor location for each page and supports up to eight pages. These
values are recorded at [40:50], and occupy eight words (one word for each location).

10.4.4 Function: 03H * Get Cursor Position

[Entry]
AH = 03H
BH = Display page (0 base)

[Return]
CH = Start scanline of cursor (0 base)
CL = End scanline of cursor (0 base)
DH = Row number of cursor start location (0 base)
DL = Column number of cursor end location (0 base)

[Note]

1. Cursor type is same for all pages. The cursor location of each page is maintained
separately.
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10.4.5 Function: 04H * Get Light Pen Position*

[Entry]
AH = 04H
[Return]
AH = 00H Light Pen inactive
or
AH =01H Light Pen active and returns following values
BX = Pixel column (X coordinate in graphics modes (0 base))
CX = Pixel row (Y coordinate in graphics modes above Mode 06H (0 base))
CH = Pixel row (Y coordinate in Graphics Modes 04H - 06H (0 base))
DH = Character row (Y coordinate in text modes (0 base))
DL = Character column (X coordinate in text modes (0 base))
[Notes]

1. The color of background and foreground will affect the sensitivity of light pen.
2. High-resolution device affects the accuracy of light pen.

* Not supported

10.4.6  Function: 05H * Select Active Display Page

[Entry]
AH = 05H
AL = Display page (0 base)

[Return]
None

[Notes]
1. The contents of each page will not be altered by changing to other pages.
2. Please refer to mode table of Function OOH.
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Function: 06H * Window Scroll Up
[Entry]

AH = 06H

AL = Number of rows to be scrolled up (0 = scroll up and clear entire window)
BH = Attribute to be used in inserting blank lines

CH =Y coordinate of top left corner of window (0 base)

CL = X coordinate of top left corner of window (0 base)

DH =Y coordinate of bottom right corner of window (0 base)

DL = X coordinate of bottom right corner of window (0 base)

[Return]

None

[Notes]

1. This function will clear the entire window when it encounters the number of rows of window
equal to the value in Register AL or AL = 0.

2. The image, outside the window, will not be changed. The cursor will not be updated.

3. A new blank line with attribute value specified in BH is inserted from the bottom of window
whenever an old line at the top of window is scrolled out of window.

4. This function is available for both text and graphics modes.

Function: 07H * Window Scroll Down

[Entry]

AH = 07H

AL = Number of rows to be scrolled down (0 = scroll down and clear entire window)
BH = Attribute to be used in inserting blank lines

CH =Y coordinate of top left corner of window (0 base)

CL = X coordinate of top left corner of window (0 base)

DH =Y coordinate of bottom right corner of window (0 base)

DL = X coordinate of bottom right corner of window (0 base)

[Return]

None

[Notes]

1. This function will clear entire window when it encounters the number of rows of window
equal to the value in Register AL or AL = 0.

2. The image, outside the window, will not be changed. The cursor will not be updated.

3. A new blank line with attribute value specified in BH is inserted from the top of window
whenever an old line at the bottom of window is scrolled out of window.

4. This function is available for both text and graphics modes.
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10.4.9 Function: 08H * Read Character/Attribute at Cursor Position

[Entry]
AH
BH

[Return]
AH

=08H
= Display page (0 base)

= Attribute (Valid on text modes)

AL = ASCII character code

[Notes]
1.

This function is able to read data from other valid inactive pages in multiple page modes at
any time.

The cursor is not updated after reading a character from the screen, and has to be moved
explicitly.

No control characters are recognized such as LF, CR, BACKSPACE, and BELL.

In Graphics Modes 04H - 06H of CGA adapter, the first half of character font (Code O0H -
7FH) is maintained in system ROM only. To support the second half of character font (Code
80H - FFH), the Interrupt Vector 1FH, at 0000:007CH, has to be initialized to point to the
second half of character font.

Graphics modes return the Character Code only. Three characters, 00H/20H/FFH, cannot
be distinguished, and the function always reads them back as Character Code O0OH.

The character codes will be read back as Character Code 00H when they are written with
a color that is same as the background color in graphics modes.

10.4.10 Function: 09H * Write Character/Attribute at Cursor Position

[Entry]
AH

=09H

AL = ASCII character code

BH = Display page (0 base)
or
BL = Attribute (text modes)
Display color (graphics modes)
CX = Repeat character count
[Return]
None
[Notes]
1. This function is able to write data to other valid inactive pages in multiple page modes at

any time.

The cursor is not updated after writing a character to the screen, and has to be moved
explicitly.

No control characters are recognized such as LF, CR, BACKSPACE, and BELL.
Graphics Modes 04H - 06H of CGA adapter, the first half of character font (Code OOH -
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7FH) is maintained in system ROM only. To support the second half of character font (Code
80H - FFH), the Interrupt Vector 1FH, at 0000:007CH, has to be initialized to point to the
second half of character font.

In graphics modes, the color (attribute) is treated as pixel color to generate an ASCII
character pattern. And the color value will be masked according to the number of colors in
the video modes.

The character codes will be displayed as blank when they are written with the color that is
the same as the background color in graphics modes.

The characters written to the screen, specified in CX, should not extend to the next row in
graphics modes. Otherwise, invalid results would be generated.

If Bit 7 of Register BL is set, the function will take the color value X'OR with the value in
display memory. (Valid in all graphics modes except Mode 13H). This feature can be used
in fast character/dot erasing.

10.4.11 Function: OAH * Write Character at Cursor Position

[Entry]

AH = 0AH
AL = ASCII character code
BH = Display page (0 base)

or
BL = Foreground color (graphics modes only)
CX = Repeat character count

[Return]
None

[Notes]

1. This function is able to write data to other valid inactive pages in multiple page modes at
any time.

2. The cursor is not updated after writing a character to screen and has to be moved explicitly.

3. No control characters are recognized such as LF, CR, BACKSPACE, and BELL.

4. Graphics Modes 04H - 06H of CGA adapter, the first half of character font (Code OOH -
7FH) is maintained in system ROM only. To support the second half of character font (Code
80H - FFH), the Interrupt Vector 1FH, at 0000:007CH, has to be initialized to point to the
second font.

5. In graphics modes, the color (attribute) is treated as pixel color to generate ASCII character
pattern. And the color value will be masked according to the number of colors in the video
modes.

6. The character codes will be displayed as blank when they are written with the color same
as background color in graphics modes.

7. The characters written to screen, specified in CX, should not extend to next row in graphics
modes. Otherwise, invalid results would be generated.

8. If Bit 7 of Register BL is set, the function will take the color value X'OR with the value in
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display memory (valid in all graphics modes except Mode 13H). This feature can be used
in fast character/dot erasing.
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10.4.12 Function: OBH * CGA Palette
Function: OBH * Subfunction: 00H — Set Background/Border Color

[Entry]
AH = 0BH
BH = 00H
BL = Color Value (0 - 31: Low-Intensity Colors = 0 - 15, High-Intensity Colors = 16 - 31)
— Border Color for text modes (Modes 00H - 03H)
— Color for 640 x 200 Graphics Mode (Mode 06H)

[Return]
None

[Note]
1. There are several functions in Function 10H that allow extensive display colors control for
both text and graphics modes.

Function: OBH * Subfunction: 0O1H — Select Palette Set

[Entry]
AH = 0BH
BH = 01H (Valid on Modes 04H and 05H 320 x 200 only)
BL = 0 - palette set: Background, Green, Red, Brown
1 — palette set: Background, Cyan, Magenta, White

[Return]
None
[Note]
1. For the CGA adapter, the palette set is defined as follows:
Mode BL Palette Set
04H OOH Background, Green, Red, Yellow
01H Background, Cyan, Violet, White

O5H 00/01H Background, Cyan, Red, White
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Function: OCH * Write Dot (Pixel)

[Entry]
AH = 0CH
AL = Color value for pixel (Bit 7 is X'OR flag)
BH = Display page (0 base)
CX = X coordinate, column number (0 base)
DX =Y coordinate, row number (0 base)

[Return]
None

[Notes]
1. For coordinates' range, please refer to the resolution field of mode table in Function OOH.

2. Bit 7 of Register AL set will cause the requesting color value X'OR with memory color value.

Function: ODH * Read Dot (Pixel)

[Entry]
AH = ODH
BH = Display page (0 base)
CX = X coordinate, column number (0 base)
DX =Y coordinate, row number (0 base)

[Return]
AL = Dot (Pixel) color

[Note]
1. For coordinates' range, please refer to the resolution field of mode table in Function O0H.

Function: OEH * Write Character to Active RAM in Teletype Mode

[Entry]
AH = OEH
AL = ASCII character
BL = Foreground color in graphics modes

[Return]
None

[Notes]
1. Control characters such as LF, CR, Backspace, and BELL are recognized. (ASCII Codes:
LF = 0AH, CR = ODH, Backspace = 08H, BELL = 07H).

2. Line wrapping and screen scrolling are supported.
3. Cursor is moved to next position after writing a character to screen.
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10.4.16

10.4.17

4. PC BIOS Version 10/19/81 or earlier; the Register BH has to be setto a 0.

5. The color value in Register BL will do X'OR with the content of display memory if Bit 7 of
the register is set in graphics modes.

6. Intext modes, the attribute of a character written to a new line is taken from the attribute of
the last character in previous line. In such a case, control the attribute for a character, use
Function 09H with blank character/attribute first before the function issued.

Function: OFH * Get Video State

[Entry]
AH = OFH

[Return]
AH = Number of displayable columns (1 base)
AL = Current video mode
BH = Current active page (0 base)

Function: 10H * VGA Palette

Function 10H « Subfunction: 00H — Set Individual Palette Register
(Internal Palette Register)

[Entry]
AH = 10H
AL = 00H (Subfunction)
BH = Color value
BL = Palette Register (0 - OFH)

[Return]
None

[Notes]
1. Color value in the Internal Palette Register serves as a pointer that points to one of external
registers (RAMDAC).

2. The color would not be changed by this function on Mode 13H.
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Function: 10H * Subfunction: 01H — Set Overscan (Border) Register

[Entry]
AH = 10H
AL = 01H (Subfunction)
BH = Color value (00H - FFH)

[Return]
None

[Note]
1. Border color is driven by one of 256 external registers.

Function: 10H * Subfunction: 02H — Set All Palette Registers and
OverScan Register

[Entry]
AH = 10H
AL = 02H (Subfunction)
ES: DX = Point to a 17-byte buffer

[Return]
None

[Notes]
1. The first 16 bytes in the buffer are used to store the values for 16 Internal Palette Registers.
The last byte is the value for Overscan Register.

2. The display color would not be affected except Overscan Register on Mode 13H.

Function: 10H * Subfunction: 03H — Toggle Intensify/Blinking Bit

[Entry]
AH = 10H
AL = 03H (Subfunction)
BL = O0H - Intensify
01H - Blinking

[Return]
None

[Notes]
1. Bit7 of Attribute Byte is interpreted according to the setting state by this function, which can
provide 16 background colors (in intensify state) of 16-color text modes.

2. This function also supports Monochrome Modes (07H, OFH).
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Function: 10H * Subfunction: 4-6H — Reserved

Function: 10H* Subfunction: 07H — Read Individual Palette Register
(Internal Palette Register)

[Entry]
AH = 10H
AL = 07H (Subfunction)
BL = Palette Register (0 - OFH)

[Return]
BH = Color value

[Note]
1. Color Value in Internal Palette Register is served as a pointer that points to one of external
registers (RAMDAC).

Function: 10H* Subfunction: 08H — Read Overscan (Border) Register

[Entry]
AH = 10H
AL = 08H (Subfunction)

[Return]
BH = Color value

[Note]
1. Border color is from O0H to FFH.

Function: 10H * Subfunction: 09H — Read All Palette Registers and
OverScan Register

[Entry]
AH = 10H
AL = 09H (Subfunction)

ES: DX = Point to a 17-byte buffer
(The first 16 bytes for returning values from 16 palette registers respectively and the
last byte for Overscan Register).

[Return]
ES: DX = Point to the same buffer provided from the entry of function call.

Function: 10H * Subfunction: OA-OFH — Reserved
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Function: 10H * Subfunction: 10H — Set Individual Color Register (RAMDAC/External
Palette Registers)

[Entry]

AH =10H

AL = 10H (Subfunction)

BX = Color Register (O0H - FFH)
DH = Red color

CH = Green color

CL = Blue color

[Return]

None

[Notes]

1. Currently, each color is only 6-bit significant. Three colors, RGB, are worked as a group and
are formed into a 18-bit datum stored in the Color Register.

2. The maximum displayable colors are 256 out of 256K colors (two exponential 18).

3. Instandard VGA, Mode 13H uses all 256 Color Registers to display colors.

4. BIOS will load default values into Color Registers whenever Function O0H (set Video Mode)
is called. This is true only when the disable flag of default palette loading is not set (refer to
Subfunction 31H of Function 12H).

5. With gray-summing flag set, or with a gray-scale monitor attached, BIOS will weight three

color values and sum-to-grayshade value; and then it will use the value for all three colors.

Function: 10H * Subfunction: 11H — Reserved

Function: 10H * Subfunction: 12H — Set Block of Color Registers

[Entry]

AH = 10H

AL = 12H (Subfunction)

BX = Start Color Register (00H - FFH)

CX = Number of color registers to set

ES: DX = Point to table of color values (each table entry is in RGB format)

[Return]
None
[Notes]
1. Currently, each color is only 6-bit significant. Three colors, RGB, are worked as a group and
are formed into a 18-bit datum stored in the Color Register.
2. The maximum displayable colors are 256 out of 256K colors (2 exponential 18).
3. Instandard VGA, Mode 13H uses all 256 Color Registers to display colors.

September 1997

10-20 Copyright 1995 — Cirrus Logic Inc.



True Color Family Technical Reference Manual VGA BIOS

4. BIOS will load default values into Color Registers whenever Function O0H (set Video Mode)
is called. This is true only when the disable flag of default palette loading is not set (refer to
Subfunction 31H of Function 12H).

5. With gray-summing flag set, BIOS will weight three color elements (RGB) of Color Register;
and sum them to grayshade value, which is based on the formula (30% Red + 59% Green
+ 11% Blue). The grayshade value will be written back to three elements (RGB) of Color
Register.

Function: 10H* Subfunction: 13H — Select Color Page (Not valid on Mode 13H)

[Entry]
AH = 10H
AL = 13H (Subfunction)
BL = O0H (select paging mode)
01H (select color page)
When BL = O0H -
BH = O0H (select 4 pages of 64-color Register page)
01H (select 16 pages of 16-color Register page)
When BL = 01H -
BH = Color page number (0 base)

[Return]
None

[Notes]
1. All video modes except 256-color modes are supported by the function.

2. This function treats 256-color Registers as sets of 16- or 64-color Registers. It can be used
to display different colors quickly by switching among color sets (pages).

3. Default setting is Page 0 of 64-color Page Mode after Video Mode set. Normally, Function
OOH (set Video Mode) will load the default colors of the first 64-color Registers (Page 00H)
for all standard VGA modes except Mode 13H (248 registers loading).

Function: 10H * Subfunction: 14H — Reserved

Function: 10H * Subfunction: 15H — Read Individual Color Register
(RAMDAC/External Palette Registers)

[Entry]
AH = 10H
AL = 15H (Subfunction)
BX = Color Register (O0OH - FFH)

[Return]
DH = Red color
CH = Green color
CL = Blue color
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[Notes]

1. Currently, each color is only 6-bit significant. Three colors, RGB, are worked as a group and
they are formed into a 18-bit datum stored in the Color Register.

2. The maximum displayable colors are 256 out of 256K colors (2 exponential 18).
3. Instandard VGA, Mode 13H uses all 256-color Registers to display colors.

4. With gray-summing flag set, the only value returned from all three color elements of Color
Register is the grayshade value.

Function: 10H * Subfunction: 16H — Reserved

Function: 10H* Subfunction: 17H — Read Block of Color Registers

[Entry]
AH = 10H
AL = 17H (Subfunction)
BX = Start Color Register (O0H - FFH)
CX = Number of Color Registers to read
ES: DX = Point to user provided buffer for returned color values

[Return]

ES: DX = Point to same buffer from function call entry (buffer is treated as a color table and
each entry of the table consists of three bytes in RGB format).

[Notes]

1. Currently, each color is a 6-bit value. All three colors form a 18-bit datum.

2. The maximum displayable colors are 256 out of 256K colors (two exponential 18).
3. Instandard VGA, Mode 13H uses all 256-color Registers to display colors.
4,

BIOS will load default values into Color Registers whenever Function 00H (set Video Mode)
is called. This is true only when the disable flag of default palette loading is not set (please
refer to Subfunction 31H of Function 12H).

5. With gray-summing flag set, the only value returned for all three colors is grayshade value.

Function: 10H * Subfunction: 18-19H — Reserved

Function: 10H * Subfunction: 1AH — Read Current State of Color Page
(Not valid on Mode 13H)

[Entry]
AH = 10H
AL = 1AH (Subfunction)
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[Return]

BH = Current page (Value depends on Paging Mode, O0H is default)
BL = Current Paging Mode
(OOH = 4 pages of 64-Color Registers (default), 01H = 16 pages of 16-color Registers)

[Notes]
1. All video modes except 256-color modes are supported by the function.
2. This function treats 256-color Registers as sets of 16- or 64-color Registers. It can be used
to display different colors quickly by switching among color sets (pages).

3. Default setting is page 00H of 6-color page mode after Video Mode set.

Function: 10H * Subfunction: 1BH — Sum Color Values to Grayshades

[Entry]
AH = 10H
AL = 1BH (Subfunction)
BX = Start Color Register (00H - FFH)
CX = Number of Color Registers to sum

[Return]
None

[Note]
1. This function will sum the Color Registers desired into grayshade values regardless the
gray-summing flag.

10.4.18 Function: 11H * Fonts/ Character Generator
Function: 11H* Subfunction: 0OH — Load User Text Font

[Entry]
AH = 11H
AL = 00H (Subfunction)
BH = Number of bytes per character
BL = Block to load (O0H - 07H)
CX = Number of characters to store
DX = ASCII character ID of the first character in the font table (ES: BP)
ES: BP = Point to user-provided font table

[Return]
None

[Notes]
1. This function is only available for text modes. The value in Register BH represents the
height of each character. It can be specified a maximum of 32 bytes per character in
standard VGA specification.
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In VGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight
fonts at any time, and is available for the Character Generator only. Consequently, the
block value specified in Register BL is ranged from 00H (Default) to 07H.

Two character fonts out of eight can be used at any time. This provides 512 simultaneously

displayable characters instead of 256 characters. The way to display two different fonts at

one time can be accomplished by the following:

a) Load fonts into desired blocks.

b) Subfunction 03H (Select Block Specifier) of Function 11H is called to select two differ-
ent font blocks out of eight font blocks; one for primary font, the other for secondary
font.

¢) The Bit 3 of Attribute Byte is served as the Font Block Selector and foreground intensity
for the character.

Bit 3 = 0 — Primary font selected and normal display (eight foreground colors)

if Subfunction O0H of Function 10H is called with BX = 0712H.

Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors)
else

Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors).

Default setting by BIOS loads a font into Block 0, which is used for both primary font and

secondary font (256 displayable characters).

The font loading by Subfunction OOH requires caution since the controller is not

reprogrammed; abnormal character display may occur. For example:

If a font table is loaded to override the font in a block, a double image may result (especially

when the loaded font size is smaller than the one previously displayed). In this instance,

the application should use sub function 10h.

Function: 11H* Subfunction: O1H — Load 8 x 14 ROM Font

[Entry]

AH = 11H
AL = 01H (Subfunction)
BL = Block to load (O0H - 07H)

[Return]
None
[Notes]
1. This function is only available for text modes.
2. The height of character is 14 bytes, but the height of display cell is same as default setting.
3. InVGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight
fonts at any time, and is available for the Character Generator only. Consequently, the
block value specified in Register BL is ranged from 00H (Default) to 07H.
4. Two character fonts out of eight can be used at any time. This provides 512 simultaneously

September 1997

displayable characters instead of 256 characters. The way to display two different fonts at
one time can be accomplished by the following:
a) Load fonts into desired blocks.

b) Subfunction 03H (Select Block Specifier) of Function 11H is called to select two differ-
ent font blocks out of eight font blocks; one for primary font, the other for secondary
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font.

c) The Bit 3 of Attribute Byte is served as the Font Block Selector and foreground intensity
for the character.

Bit 3 = 0 — Primary font selected and normal display (eight foreground colors).
if Subfunction O0OH of Function 10H is called with BX = 0712H
Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors)
else
Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors).
5. Default setting by BIOS loads a font into Block 0, which is used for both primary font and
secondary font (256 displayable character).

6. The font loading by Subfunction OOH requires caution since the controller is not
reprogrammed; abnormal character display may occur. For example:

If a font table is loaded to override the font in a block, a double image may result (especially
when the loaded font size is smaller than the one previously displayed). In this instance the
application should use sub function 11h.

Function: 11H* Subfunction: 02H — Load 8 x 8 ROM Font

[Entry]
AH = 11H
AL = 08H (Subfunction)
BL = Block to load (O0H - 07H)

[Return]
None

[Notes]
1. This function is only available for text modes.
2. The height of character is eight bytes, but the height of display cell is same as default
setting.

3. InVGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight
fonts at any time, and is available only for the Character Generator. Consequently, the
block value specified in Register BL is ranged from O0H (Default) to 07H.

4. Two character fonts out of eight can be used at any time. This provides 512 simultaneously
displayable characters instead of 256 characters. The way to display two different fonts at
one time can be accomplished by the following:

a) Load fonts into desired blocks.

b) Subfunction 03H (Select Block Specifier) of Function 11H is called to select two differ-
ent font blocks out of eight font blocks; one for primary font, the other for secondary
font.

c) The Bit 3 of Attribute Byte is served as the Font Block Selector and foreground intensity
for the character.

Bit 3 = 0 — Primary font selected and normal display (eight foreground colors).

if Subfunction 00H of Function 10H is called with BX = 0712H

Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors)
else

Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors).
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5. Default setting by BIOS loads a font into Block 0, which is used for both primary font and
secondary font (256 displayable characters).

6. The font loading by Subfunction OOH requires caution since the controller is not
reprogrammed; abnormal character display may occur. For example:

If a font table is loaded to override the font in a block, a double image may result (especially
when the loaded font size is smaller than the one previously displayed). In this instance,
the application should use sub function 12h.

Function: 11H* Subfunction: 03H — Select Block Specifier

[Entry]
AH = 11H
AL = 03H (Subfunction)
BL = Selection of character generator blocks

[Return]
None

[Notes]
1. The definition of the value in Register BL as follows:
Bits Font Blocks
4,1,0 Primary Font Block (O0H - 07H)
53,2 Secondary Font Block (O0H - 07H)

2. For EGA-compatible operation, Bits 0-1 is used for primary font, and Bits 2-3 for secondary
font.

3. To retain eight consistent colors during 512-character display, the Subfunction O0OH of
Function 10H has to be called first with the following setting:
AX = 1000H, BX = 0712H

Function: 11H* Subfunction: 04H — Load 8 x 16 ROM Font

[Entry]
AH=11H
AL = 04H (Subfunction)
BL = Block to load (O0H - 07H)

[Return]
None

[Notes]
1. This function is only available for text modes.
2. The height of character is 16 bytes, but the height of the display cell is the same as default
setting.

3. InVGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight
fonts, and is available for the Character Generator only. Consequently, the block value
specified in Register BL is ranged from 00H (Default) to 07H.
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Two character fonts out of eight can be used at any time (512 simultaneously displayable
characters, not 256 characters). The way to display two different fonts at one time can be
accomplished by the following:

a) Load fonts into desired blocks.

b) Subfunction 03H (Select Block Specifier) of Function 11H is called to select two differ-
ent font blocks out of eight font blocks; one for primary font, the other for secondary
font.

c) The Bit 3 of Attribute Byte is served as the Font Block Selector and foreground intensity
for the character.

Bit 3 = 0 — Primary font selected and normal display (eight foreground colors).

if Subfunction O0OH of Function 10H is called with BX = 0712H

Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors)

else

Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors).
Default setting by BIOS loads a font into Block 0, which is used for both primary font and
secondary font (256 displayable characters).
The font loading by Subfunction OOH requires caution since the controller is not
reprogrammed; abnormal character display may occur. For example:

If a font table is loaded to override the font in a block, a double image may result (especially
when the loaded font size is smaller than the one previously displayed). In this instance,
the application should use sub function 14h.

Function: 11H* Subfunction: 10H — Load User Text Font and Reprogram Controller

[Entry]

AH = 11H

AL = 10H (Subfunction)

BH = Number of bytes per character

BL = Block to load (O0H - 07H)

CX = Number of characters to store

DX = ASCII character ID of the first character in the font table (ES: BP)
ES: BP = Point to user-provided font table

[Return]

None

[Notes]

1. This function is only available for text modes.

2. The value in Register BH represents the height of each character. It can be specified a
maximum of 32 bytes per character in standard VGA specification.

3. InVGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight
fonts at any time, and is available for the Character Generator only. Consequently, the
block value specified in Register BL is ranged from 00H (Default) to 07H.

4. Two character fonts out of eight can be at any time. This means 512 simultaneously

displayable characters instead of 256 characters. The way to display two different fonts at
one time can be accomplished by the following:
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Load fonts into desired blocks.

Subfunction 03H (Select Block Specifier) of Function 11H is called to select two differ-
ent font blocks out of eight font blocks; one for primary font, the other for secondary
font.

The Bit 3 of Attribute Byte is served as the Font Block Selector and foreground intensity
for the character.

Bit 3 = 0 — Primary font selected and normal display (eight foreground colors).

if Subfunction 00H of Function 10H is called with BX = 0712H

Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors)
else

Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors).

5. Default setting by BIOS loads a font into Block 0, which is used for both primary font and
secondary font (256 displayable characters).

6. Subfunction 10H is almost identical to Subfunction 00H except the following differences:

a)
b)
c)

d)

e)

Page OOH has to be active.

Character Height (Bytes per character) will be recalculated.

Number of rows (0 base) are recalculated as:

(scanlines per screen/Character Height) minus 1.

The length of display buffer will be recalculated as (Total number of rows x Total num-
ber of columns) x 2 (1 base).

The CRTC Registers are reprogrammed as follows:

Index Register Name Change

09H Maximum scanlines Character Height minus 1
0AH Cursor Start Character Height minus 2
OBH Cursor End Character Height minus 1

12H Vertical Display Enable End
For 350 or 400 scanline Modes
(Rows per screen x Character Height) minus 1
For 200 scanline Modes
(Rows per screen x Character Height) x 2) minus 1
14H Underline Location Character Height minus 1
(Mode 07H only)

It has to be called immediately after Function OOH call (set Video Mode). Otherwise, the
result will be unpredictable.

Function: 11H* Subfunction: 11H — Load 8 x 14 ROM Font and Reprogram

Controller
[Entry]
AH = 11H

AL = 11H (Subfunction)
BL = Block to load (O0H - 08H)

[Return]
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None

[Notes]

1. This function is only available for text modes.
2. The character and display cells are both 14 bytes high (scanlines).

3. InVGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight
fonts at any time and is available for the Character Generator only. Consequently, the block
value specified in Register BL is ranged from 00H (Default) to O7H.

4. Two character fonts out of eight can be used at any time. This means 512 simultaneously
displayable characters instead of 256 characters. The way to display two different fonts at
one time can be accomplished by the following:

a)
b)

c)

Load fonts into desired blocks.

Subfunction 03H (Select Block Specifier) of Function 11H is called to select two differ-
ent font blocks out of eight font blocks; one for primary font, the other for secondary
font.

The Bit 3 of Attribute Byte is served as the Font Block Selector and foreground intensity
for the character.

Bit 3 = 0 — Primary font selected and normal display (eight foreground colors).

if Subfunction O0OH of Function 10H is called with BX = 0712H

Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors)
else

Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors).

5. Default setting by BIOS loads a font into Block 0, which is used for both primary font and
secondary font (256 displayable characters).

6. Subfunction 11H is almost identical to Subfunction 01H except the following differences:

a)
b)
c)
d)

e)

f)

Page O0H has to be active.
Character Height = 14.

Number of rows (0 base) are recalculated as:
(Scanlines per screen/Character Height) minus 1.

The length of display buffer will be recalculated as:
(Total number of rows x Total number of columns) x 2 (1 base)
The CRTC Registers are reprogrammed as follows:

Index Register Name Change
09H Maximum Scanlines 13 (ODH)
OAH Cursor Start 12 (OCH)
0BH Cursor End 13 (ODH)
12H Vertical Display Enable End (Rows per screen x 14) minus 1
14H Underline Location 13 (ODH)

(Mode 07H only)

It has to be called immediately after Function O0H call (set Video Mode). Otherwise, the
result will be unpredictable.
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Function: 11H* Subfunction: 12H — Load 8 x 8 ROM Font and Reprogram Controller

[Entry]

AH = 11H
AL = 12H (Subfunction)
BL = Block to load (O0H - 07H)

[Return]

None

[Notes]

1.
2.
3.

September 1997

This function is only available for text modes.
The height of character and display cell are all eight bytes (scanlines).

In VGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight
fonts at any time and is available for the Character Generator only. Consequently, the block
value specified in Register BL is ranged from 00H (Default) to 07H.

Two character fonts out of eight can be used at any time. This means 512 simultaneously
displayable characters instead of 256 characters. The way to display two different fonts at
one time can be accomplished by the following:

a) Load fonts into desired blocks.

b) Subfunction 03H (Select Block Specifier) of Function 11H is called to select two differ-
ent font blocks out of eight font blocks; one for primary font, the other for secondary
font.

c) The Bit 3 of Attribute Byte is served as the Font Block Selector and foreground intensity
for the character.

Bit 3 = 0 — Primary font selected and normal display (eight foreground colors).

if Subfunction 00H of Function 10H is called with BX = 0712H

Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors)

else

Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors).
Default setting by BIOS loads a font into Block 0, which is used for both primary font and
secondary font (256 displayable characters).
Subfunction 12H is almost identical to Subfunction 02H except the following differences:

a) Page O0H has to be active.
b) Character Height = 8.

¢) Number of rows (0 base) are recalculated as
(Scanlines per screen/Character Height) minus 1.

d) The length of display buffer will be recalculated as:
(Total number of rows x Total number of columns) x 2 (1 base).
e) The CRTC Registers are reprogrammed as follows:

Index Register Name Change
09H Maximum Scanlines 7 (07H)
OAH Cursor Start 6 (06H)
0BH Cursor End 7 (07H)
12H Vertical Display Enable End (Rows per screen x 8) minus 1
14H Underline Location 7 (07H)

(Mode 07H only)
f) Ithasto be called immediately after Function OOH call (set Video Mode). Otherwise, the
result will be unpredictable.
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Function: 11H* Subfunction: 14H — Load 8 x 16 ROM Font and
Reprogram Controller

[Entry]

AH=11H
AL = 14H (Subfunction)
BL = Block to load (O0H - 07H)

[Return]
None

[Notes]

1. This function is only available for text modes.
2. The height of character and display cell are all 16 bytes (scanlines).

3. InVGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight
fonts at any time and is available for the Character Generator only. Consequently, the block
value specified in Register BL is ranged from 00H (Default) to 07H.

4. Two character fonts out of eight can be used at any time. This means 512 simultaneously
displayable characters instead of 256 characters. The way to display two different fonts at
one time can be accomplished by the following:

a)
b)

c)

Load fonts into desired blocks.

Subfunction 03H (Select Block Specifier) of Function 11H is called to select two differ-
ent font blocks out of eight font blocks; one for primary font, the other for secondary
font.

The Bit 3 of Attribute Byte is served as the Font Block Selector and foreground intensity
for the character. Bit 3 = 0 — Primary font selected and normal display (eight foreground
colors). If Subfunction 00H of Function 10H is called with BX = 0712H

Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors)
else
Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors).

5. Default setting by BIOS loads a font into Block 0, which is used for both primary font and
secondary font (256 displayable characters).

6. Subfunction 14H is almost identical to Subfunction 04H except the following differences:

a)
b)
c)

d)

e)

Page O0H has to be active.
Character Height = 16.

Number of Rows (0 base) are recalculated as:
(Scanlines per screen/Character Height) minus 1.

The length of display buffer will be recalculated as (Total number of rows x Total num-
ber of columns) x 2 (1 base).

The CRTC Registers are reprogrammed as follows:

Index Register Name Change
09H Maximum Scanlines 15 (OFH)
0AH Cursor Start 14 (OEH)
OBH Cursor End 15 (OFH)
12H Vertical Display Enable End (Rows per screen x16) minus 1
14H Underline Location 15 (OFH)

(Mode 07H only)

It has to be called immediately after Function OOH call (set Video Mode). Otherwise, the
result will be unpredictable.
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Function: 11H* Subfunction: 20H — Set Pointer of User's Graphics Font Table
to Interrupt 1FH

[Entry]
AH =11H
AL = 20H (Subfunction)
ES: BP = Point to user's graphics font table

[Return]
None

[Notes]
1. The value in this Interrupt Vector serves as a pointer that points to Graphics Font for
character codes (80H - FFH) in Modes 04H, 05H, and 06H.
2. In CGA adapter, the planar BIOS only provides 128 character codes (00H - 7FH). The user
can supply the other half of character codes (80H - FFH), or use GRAFTABL in DOS to load
this half.

3. This function has to be called immediately after setting Video Mode.

Function: 11H* Subfunction: 21H — Set Pointer of User's Graphics Font Table
to Interrupt 43H

[Entry]
AH =11H
AL = 21H (Subfunction)
BL = Character rows specifier
00H = Value in Register DL (the number of displayable rows specified by user)
01H = 14 (OEH) character rows
02H = 25 (19H) character rows
03H = 43 (2BH) character rows
CX = Bytes per character
DL = Number of character rows (if Register BL = 00H)
ES: BP = Point to user's graphics font table

[Return]
None

[Note]
1. The value in this Interrupt Vector serves as a pointer that points to Graphics Font for
character codes (0O0OH - 7FH) in Modes 04H, 05H, and 06H. The vector also handles
Graphics Font for character codes (O0H - FFH) in all other graphics modes.

2. This function should only be called immediately after setting Video Mode.

3. The portion of character rows above displayable rows will not be displayed unless it is
scrolled up.

4. The overlapping screen may occur on video modes that use all display memory addresses
such as Mode 13H.

September 1997 10-32 Copyright 1995 — Cirrus Logic Inc.



True Color Family Technical Reference Manual VGA BIOS

Function: 11H* Subfunction: 22H — Set Pointer of ROM 8 x14 Graphics Font Table to

Interrupt 43H
[Entry]
AH=11H

AL = 22H (Subfunction)
BL = The specifier of character rows on screen
00H = Value in Register DL (the number of displayable rows specified by user)
01H = 14 (OEH) character rows
02H = 25 (19H) character rows
03H = 43 (2BH) character rows
DL = Number of character rows to display (if Register BL = 00H)

[Return]
None

[Notes]

1. The value in this Interrupt Vector serves as a pointer that points to Graphics Font for
character codes (O0OH - 7FH) in Modes 04H, O5H, and 06H. The vector also handles
Graphics Font for character codes (O0H - FFH) in all other graphics modes.

2. This function should only be called immediately after setting Video Mode.

3. The portion of character rows above displayable rows will not be displayed unless it is
scrolled up.

4. The overlapping screen may occur on video modes that use all display memory addresses
such as Mode 13H.

Function: 11H* Subfunction: 23H — Set Pointer of ROM 8 x 8 Graphics Font Table to

Interrupt 43H
[Entry]
AH=11H

AL = 23H (Subfunction)
BL = Specifier of character rows on screen
00H = Value in Register DL (the number of displayable rows specified by user)
01H = 14 (OEH) character rows
02H = 25 (19H) character rows
03H = 43 (2BH) character rows
DL = Number of character rows to display (if Register BL = 00H)

[Return]
None

[Notes]
1. The value in this Interrupt Vector serves as a pointer that points to Graphics Font for
character codes (00H - 7FH) in Modes 04H, 05H, and 06H. The vector also handles

Graphics Font for character codes (O0H - FFH) in all other graphics modes.
2. This function should only be called immediately after setting Video Mode.
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3. The portion of character rows above displayable rows will not be displayed unless it is
scrolled up.

4. The overlapping screen may occur on video modes that use all display memory addresses
such as Mode 13H.

Function: 11H * Subfunction: 24H — Set Pointer of ROM 8 x 16 Graphics Font Table
to Interrupt 43H

[Entry]

AH = 11H

AL = 24H (Subfunction)

BL = Specifier of character rows on screen
00H = Value in Register DL (the number of displayable rows specified by user)
01H = 14 (OEH) character rows
02H = 25 (19H) character rows
03H = 43 (2BH) character rows

DL = Number of character rows to display (if Register BL = 00H)

[Return]
None

[Notes]
1. The value in this Interrupt Vector serves as a pointer that points to Graphics Font for
character codes (O0OH - 7FH) in Modes 04H, O5H, and 06H. The vector also handles

Graphics Font for character codes (O0OH - FFH) in all other graphics modes.

2. This function should only be called immediately after setting Video Mode.

3. The portion of character rows above displ